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[57] ABSTRACT 

A digital joystick operates in a digital mode or an analog 
emulation mode. In the digital mode, the joystick generates 
digital data indicating the position of a control stick and the 
status of buttons and transmits the digital data to the com- 
puter. The joystick may be coupled to the computer through 
a game port or a conventional interface port Computer 
software operating wimin the computer can receive digital 
data directly from the joystick if it is operating in the digital 
mode. When in the analog emulation modes me joystick 
emulates resistances related to the position of the control 
stick. The emulated resistance data emulates the value of 
corresponding resistances in a conventional joystick. The 
resistance values may be derived from a programmable 
resistor, a programmable impedance, or a programmable 
current source. Multiplexers may also be used to couple the 
appropriate resistance value to the conventional game port 
input 

42 Claims, 22 Drawing Sheets 
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SYSTEM AND METHOD FOR THE 
SOFTWARE EMULATION OF A COMPUTER 
JOYSTICK 

TECHNICAL FIELD 

The present invention is directed in general to a joystick, 
and more specifically, to a system and method for emulating 
a computer joystick coupled to a computer game port. 

BACKGROUND OF THE INVENTION 

Personal computers are widely used for scientific 
applications, business applications, and entertainment. Most 
personal computers include a positional control device that 
allows the user to move a graphic object, such as a cursor, 
on a display screen to control the operation of the computer. 
Computer mice and trackballs are well-known forms of such 
positional control devices. Other positional control devices, 
such as joysticks, are also widely used. Joysticks are par- 
ticularly common with entertainment software such as com- 
puter games. Other types of positional control devices 
include rudder pedals, game pads, flight yokes, and the like. 
These devices may be genetically referred to as positional 
control devices. 

The positional control devices are typically coupled to a 
host computer through an I/O port, such as a game port. The 
game port includes a plurality of analog input lines that form 
part of a timer circuit. The positional control devices, such 
as a conventional joystick, include potentiometers whose 
resistance changes as the user manipulates the positional 
control device. Thus, the positional control device includes 
analog resistances that form a complete timing circuit when 
connected to the game port 

There is a significant drawback to such analog positional 
control devices. In the case of a conventional joystick, two 
potentiometers are used to provide orthogonal position sens- 
ing using an X-Y coordinate system. The potentiometers 
typically have a resistance tolerance of at least ±10% and 
also have an angular tolerance of ±5° or more. Thus, there 
is a broad variation in resistance from one joystick to another 
as well as a significant amount of error in the position 
sensing for a given joystick. 

To compensate for such variations, computer software 
manufacturers include a calibration routine that is used to 
calibrate the joystick-game port combination for the par- 
ticular computer software program. However, the potenti- 
ometers within the joystick are also subject to thermal drift, 
causing position sensing errors even after the joystick, game 
port combination has been calibrated. The position sensing 
errors resulting from analog positional control devices 
present a significant problem. 

Another drawback of current positional control devices is 
that a significant amount of computer processing time is 
required to determine the position using the variable resis- 
tance tuning circuit discussed above. The host computer 
must poll the game port periodically to determine the status 
of the timers. Thus, the host computer must spend a signifi- 
cant amount of time calculating position based on the tuning 
data from the game port 

Some positional control devices purport to be "digital" 
positional control devices. These devices are more appro- 
priately designated as binary devices since they typically 
comprise one or more switches, such as a game pad in which 
a plurality of switches merely provide a binary input based 
on whether the switch is "open" or "closed." Thus, these 
devices may more accurately be designated as binary 
devices. 
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Yet another drawback of current position sensing tech- 
nology is that the game port is strictly an input device. That 
is, the game port is incapable of communicating with the 
positional control device and merely accepts the analog 

5 inputs that form the timing circuit described above. Some 
positional control devices include additional circuitry, such 
as an analog to digital converter, to provide digital position 
data. However, these devices are incapable of operation with 
the game port because the game port cannot provide output 

10 data or commands to control the additional electrical cir- 
cuitry. These devices are typically coupled to the host 
computer through an input/output port, such as a parallel 
port or a serial port 

Therefore, it can be appreciated that there is a significant 

15 need for a system and method for providing reliable position 
data to a host computer and to provide a means by which the 
host computer may have bidirectional communication with 
the positional control device. This, and other advantages, are 
provided by the present invention as will become apparent 

20 from the drawings taken together with the following descrip- 
tion. 

SUMMARY OF THE INVENTION 

25 The present invention is embodied in a system and 
method wherein a positional control device is couplable to 
a host computer port to enter positional data into the 
computer. The system includes a positioning element oper- 
able by a user, and a position sensing circuit to determine a 

30 current position of the positioning element. The position 
sensing circuit generates digital data indicative of the current 
position. An interface in the positioned control device is 
selectively operable in a digital transmission mode to trans- 
fer the digital data to the game port, or in an analog 

35 emulation mode, to transmit an analog signal related to the 
position of the positioning element The system may also 
include a command interpreter in the positioned control 
device for accepting commands from the port to select either 
the digital transmission mode or the analog emulation mode. 

40 In one embodiment, the cursor control device is initially 
placed in the analog emulation mode when power is first 
applied. The command interpreter can receive commands 
from the port to change the cursor control device from the 
analog emulation mode to the digital transmission mode. 

45 When operating in the digital transmission mode, the com- 
mand interpreter may receive a plurality of commands from 
the game port These commands can include a command to 
send data to the game port and a command to change from 
the digital transmission mode to the analog emulation mode. 

so In one embodiment the position control device is a joystick 
and the position sensing circuit is an optical circuit. The 
joystick includes a light source and a light detector with 
either the light source or the light detector being positioned 
at one end of the control stick and moving as the user 

55 positions the second end of the control stick. The other of the 
light detector and light source, respectively is mounted in a 
fixed position with respect to the control stick to permit the 
light detector to detect fluctuations in light intensity corre- 
sponding to the position of the control stick. 

60 In another embodiment, a resistance emulator within the 
digital joystick is used to emulate analog resistances corre- 
sponding to the position of the control stick. The resistance 
emulator may be a programmable resistor coupled to the 
position sensing circuit in generating a resistance value at 

65 the output corresponding to the sensed position. 
Alternatively, the resistance emulator may be a program- 
mable current source coupled to the position sensing circuit 
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and transmitting a variable current corresponding to the 
sensed position. In another alternative, the resistance emu- 
lator is a programmable impedance. In yet another 
alternative, the resistance emulator may be a multiplexer 
coupled to a plurality of resistors and selecting a combina- 
tion of resistors corresponding to the detected position and 
coupling the selected resistor combination to the output. 

In one embodiment of the joystick, the position sensing 
circuit senses a rotational position of the control stick and 
generates digital rotational position data corresponding to 
the sensed rotational position. The digital joystick generates 
a resistance value corresponding to the sensed rotational 
position. A third analog input on the game port is coupled to 
the position sensing circuit and receives the third resistance 
value. In some embodiments, the game port may include a 
fourth analog input In this embodiment, the system may 
also include a sUdable member operable by the user wherein 
the position sensing circuit senses a slidable member posi- 
tion and generates data corresponding to the sensed position. 
The programmable resistor generates a fourth resistance 
value at an output coupled to the fourth analog input on the 
game port to sense the slidable member position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a functional block diagram of a conventional 
computer. 

FIG. IB is a detailed functional block diagram of a 
conventional joystick and game port of the computer of FIG. 
1A. 

FIG. 2 is a waveform tuning diagram of the conventional 
game port of FIG. IB. 

FIG. 3A is a functional block diagram of the system of the 
present invention. 

FIG. 3B illustrates an optical position sensing circuit of a 
digital joystick used in the system of FIG. 3A. 

FIG. 3C is a detailed functional block diagram of the 
system of FIG. 3A. 

FIG. 3D is a functional block diagram of a programmable 
resistor application specific integrated circuit of FIG. 3C. 

FIG. 3E illustrates a programmable resistor ladder used 
by the application specific integrated circuit of FIG. 3D. 

FIG. 3F illustrates an alternative to the application spe- 
cific integrated circuit of FIG. 3D. 

FIG. 3G illustrates another alternative to the application 
specific integrated circuit of FIG. 3D. 

FIG. 3H illustrates another alternative to the application- 
specific integrated circuit of FIG. 3D. 

FIG. 31 illustrates a data hub used by the system of FIG. 
3A to concentrate data from a plurality of positional control 
devices. 

FIG. 3J is a functional block diagram of an alternative 
embodiment of the system of FIG. 3 A. 

FIG. 4 is a state diagram of the system of FIG. 3A. 

FIG. 5 is a flow chart used by the system of FIG. 3A to 
emulate a conventional joystick. 

FIG. 6A is a waveform timing diagram used by the system 
of FIG. 3A. 

FIG. 6B is a waveform timing diagram used by the system 
of FIG. 3A in response to a first interrupt request 

FIG. 7 is a waveform timing diagram used by the system 
of FIG. 3A in response to a second interrupt request. 

FIG. 8 is a waveform timing diagram of the system of 
FIG. 3A in response to a third interrupt request. 
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FIG. 9 is a waveform timing diagram of the system of 
FIG. 3A when changing from an Analog Emulation Mode to 
a Digital Transmission Mode. 
FIG. 10 is a functional block diagram of the system of 
5 FIG. 3A in which data has been dynamically configured for 
transmission over a single data line. 

FIG. 11 is a functional block diagram of the system of 
FIG. 3A wherein the data has been dynamically configured 
for transmission over more than one data line. 

FIG. 12 is a flowchart of the steps taken by the system of 
FIG. 3 A to dynamically configure data for transmission to a 
host computer incorporating the system of FIG. 3 A. 
FIG. 13 is a functional block diagram of the host com- 
l5 puter incorporating the system of FIG. 3A. 

FIG. 14 illustrates the game port emulator data frame used 
by the system of FIG. 3A. 

FIG. 15A is a flowchart used by the system of FIG. 3A to 
emulate a game port 
20 FIG. 15B is a continuation of the flowchart of FIG. 15A. 
FIG. 16 is a functional block diagram of the system of 
FIG. 3A used to define the interrelationship of positional 
control device buttons and keyboard command sequences. 
25 FIG. 17 is a flowchart illustrating the operation of the 
system of FIG. 3A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

30 Most computers that operate computer games have a 
game port to which the joystick is connected. FIG. 1A is a 
functional block diagram illustrating selected elements of a 
conventional microcomputer 1. For the sake of brevity, not 
all components required for the operation of the computer 1 
35 are shown in FIG. 1A. However, these elements arc well 
known by those of ordinary skill in the art and need not be 
described herein. The computer 1 includes a central pro- 
cessing unit (CPU) 2. as well as a memory 4. which may 
include both read-only memory (ROM) and random access 
40 memory (RAM). As is well known in the art advanced 
microprocessors, such as the Intel 80386* 804&6, Pentium, 
and the like, utilize an extended memory manager 6 to 
control access to the memory 4. The extended memory 
manager 6 is typically a software element such as the 
45 Microsoft EMM386.SYS. and may actually be part of the 
memory 4. The computer also includes a computer display 
5 and its associated interface. The various components of the 
computer 1 are coupled together by a bus 7, which includes 
both data lines, control lines, and the like. The bus 7. may 
50 also distribute power to the various components of the 
computer 1. 

As illustrated in FIG. 1A. the computer includes a con- 
ventional joystick 10 coupled to the bus 7 through a game 
port 12. The conventional joystick 10 and game port 12 
55 function together to generate data corresponding to the 
position of the joystick. This position data, as well as data 
related to the state of one or more joystick buttons (see FIG. 
IB) on the conventional joystick 19. are placed on the bus 
7 and stored in an AX register 8 within me CPU 2 by the 
60 execution of the computer instructions "mov dx. 20V and 
"in ax dx." For the sake of clarity, an output instruction to 
the game port will be designated as 'OUT, 20HT while 
input instructions to the game port will be designated as "IN. 
201H.** The software program, such as a computer game. 
65 examines the contents of the AX register 8 to determine the 
position of the conventional joystick 10. as well as the 
condition of the buttons on the joystick. While the discus- 
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sion presented herein is directed to the specific examples of 
the conventional joystick 10. those of skill in the art will 
appreciate that the principles of the present invention are 
appreciable to any positional control device such as rudder 
pedals, game pads, flight yokes, and the like. The present 
invention is not limited by the specific form of the positional 
control device. 

FIG. IB is a more detailed function block diagram that 
illustrates the conventional joystick 10 coupled to the game 
port 12 in the computer 1. The conventional joystick 10 
includes a first potentiometer X coupled to the joystick to 
track movement of the joystick in a first dimension, desig- 
nated herein as the X direction and typically associated with 
horizontal movement of the graphics objection the computer 
display 5. The conventional joystick 10 also includes a 
second potentiometer Y coupled to the joystick to track 
movement of the joystick in a second dimension transverse 
to the first dimension, designated herein as the Y direction 
and typically associated with vertical movement of the 
graphics objection the computer display 5. The X potenti- 
ometer is coupled to an X timer 14 within the game port 12, 
and the Y potentiometer is coupled to a Y timer 16 within the 
game port The conventional joystick 10 also includes a first 
button Bl and a second button B2 coupled to a digital port 
18 within the game port 12. The game port 12 uses an 
industry standard connector 22. which can accommodate 
two separate joysticks. However, it should be noted that the 
game port 12 of some computers does not include the 
electrical circuitry to support the use of a second conven- 
tional joystick. The conventional joystick 10 has a mating 
plug (not shown) that allows the joystick to be connected to 
the game port 12 through the connector 22. An adapter (not 
shown) is used to connect two joysticks to the connector 22 
if the game port 12 has the electrical circuitry to support the 
second joystick. The pin configuration of the connector 22 is 
well known and need not be described herein. 

The operation of the conventional joystick 10 into the 
game port 12 is well-known in the art. As the user manipu- 
lates the conventional joystick 10, the X and Y potentiom- 
eters change resistance values. The position of the conven- 
tional joystick 10 is determined by measuring the resistances 
of the X and Y potentiometers. For the sake of simplicity, the 
following discussion of the conventional joystick 10 and 
game port 12 will be limited to the determination of the X 
position of the joystick using the X potentiometer and the X 
timer 14. The conventional joystick 10 and game port 12 
operate in the identical manner to determine the position of 
the joystick in the Y direction based on the resistance value 
of the Y potentiometer. To measure the resistance of the X 
potentiometer, the X timer 14 is triggered and generates a 
timing pulse whose width is dependent of the resistance of 
the X potentiometer. The resistance of the X potentiometer 
is directly related to the position of the joystick 10 in the X 
direction. The X timer 14 is activated by an output instruc- 
tion from the CPU 2 to the game port 12. For purposes of 
this discussion the game port 12 will be assumed to use the 
industry standard I/O address of 201 hexadecimal (H). 
However, the specific I/O address is not considered a limi- 
tation to the invention. Most I/O devices have an output port, 
to which the CPU 2 transfers data using an "OUT, address** 
instruction, and an input port from which the CPU reads data 
using an "IN, address'* instruction. The game port 12 has an 
input port (not shown) that contains joystick position data 
and button data. The game port 12 illustrated in FIG. IB 
includes the input port, which comprises the outputs of the 
X and Y timers 14 and 16 and the outputs of the digital port 
18. For the sake of clarity, the address decoding circuitry is 
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not shown in FIG. IB. However, this conventional circuitry 
is well known and need not be described herein. The game 
port 12 does not have an output port since no data is 
transferred from the CPU 2 to the game port. Although the 
5 game port 12 does not have an output port, it does respond 
to an output instruction from the CPU 2. The output instruc- 
tion (i.e.. OUT, 201 H) to the game port 12 causes a timing 
capacitor C, the X timer 14 to charge to a predetermined 
voltage whereupon the capacitor C, is quickly discharged. 
1Q Thus, the timer input 20 is reset substantially to 0 volts. The 
capacitor C r is coupled to a timer input 20 and charges to a 
predetermined voltage at a rate determined by a time con- 
slant formed by the charging circuit formed by the X 
potentiometer and the charging capacitor C^ A resistance R,. 
having a nominal value of 2.2 kilohms (Kf2). is placed in 
15 series with the X potentiometer and thus forms part of the 
charging circuit It is well-known to those of ordinary skill 
in the art that the time that it takes for the timer input 20 to 
charge to the predetermined voltage is dependent on the 
resistance value of the X potentiometer, the series resistance 
20 R, and the value of the tuning capacitor C x which has a 
normal value of 0.1 microfarads. The timing capacitor C, 
and the series resistance R, have fixed values, and as noted, 
the X potentiometer has a resistance value that is dependent 
on the position of the joystick 12 in the X direction 
25 (associated with horizontal cursor movement). By measur- 
ing the length of time that it takes for the timer input 20 to 
charge to the predetermined voltage, the CPU 2 can deter- 
mine the resistance of the X potentiometer and thus the 
position of the joystick along the X direction. 
30 Typical waveforms illustrating the operation of the con- 
ventional joystick 10 and the game port 12 are shown in FIG. 
2. At time T x , the output instruction from the CPU 2 to the 
game port 12 initiates the beginning of the measurement 
sequence. At time T,, the timer input 20 (see FIG. IB) of the 
35 X timer 14 is reset to 0 volts and the capacitor C x begins to 
charge through the X potentiometer and the series resistance 
R,. as previously described. For the sake of clarity, propa- 
gation delay times in the electrical circuitry have been 
ignored. However, those of ordinary skill in the art will 
40 recognize mat such propagation delay times do exist At the 
same time. Tj, bit 0 of the input port 20 1H is set to a high 
logic level. Bit 0 will remain at the high logic level until the 
timer input 20 reaches the predetermined voltage level at 
time T 2 . When the timer input 20 reaches the predetermined 
45 voltage level at time T 2 . the timer input and bit 0 in the input 
port 20 1H are reset to a low logic level The application 
software operating in the computer 1 continuously reads the 
value of bit 0 into the AX register 8 and measures the elapsed 
time between time T x and time T 2 . For the nominal values 
50 of R, and C^ the elapsed time is given by the following 
equation: 

7=24.2 Msec+O.Ollx* psec (1) 

where T is the elapsed time, and R is the resistance value of 
53 the X potentiometer. The resistance range of the typical X 
potentiometer is 5-100 kilohms (Kft). This corresponds to 
an elapsed time range 24.2 microseconds to 1.12 millisec- 
onds. 

The Y potentiometer and Y timer 16 operate in an 
60 identical manner and are also triggered by the output instruc- 
tion to the game port 12 which resets the Y timer. The output 
of the timer 16 is bit 1 of the input port 20 1H. In this manner, 
the computer software in the computer 1 measures the 
elapsed time resulting from both the X and Y 
65 potentiometers, and thus determines the position of the 
joystick in the first and second dimensions (i.e.. the X and 
Y directions of graphics object movement respectively). 
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The conventional joystick 10 uses the X potentiometer rate between the positional control device and the host 

and Y potentiometer in conjunction with the fixed capacitors computer. If a joystick is not available, the system can 

C x and Cfj. respectively, to control the duration of X and Y emulate the joystick 12 or permit other positional control 

timers 14 and 16. respectively. The computer software, such devices to emulate the joystick and can even emulate a game 

as a computer game, resides within die memory 4. The CPU 5 port if one is not available on the host computer. 

2 executes instructions in the computer software. To deter- The present invention is embodied in a system 100 shown 

mine the position of the conventional joystick 10. the CPU in the functional block diagram of FIG. 3A. In FIG. 3A. the 

2 transmits the OUT, 201H instruction to the game port 12* conventional joystick 10 (see FIG. 1) has been replaced with 

The output instruction initiates (he measurement sequence a digital joystick 102. Although the following description 

described above. To read data from the game port 12, the to includes references to the digital joystick 102. the digital 

CPU 2 executes an IN. 20 1H instruction, which causes the joystick is not essential for all aspects of the invention. For 

contents of the input port 201H to be transferred from the example, the game port emulation discussed above does not 

game port 12 to the AX register * in the CPU 2. The CPU require the use of the digital joystick 102. 

2 must read the data from the game port in a manner mat The digital joystick 102 includes a position sensing circuit 

permits the measure d(?) of the time period in the X and Y 15 106 in which the user manipulates a control stick 10* to 

timers 14 and 16. This is accomplished by a number off determine the position of the control stick in the X and Y 

different well-known techniques such as repeatedly execut- directions. The control stick 108 contains one or more 

ing the IN. 20 1H instruction and reading the contents of the buttons 110 positioned on the control stick to permit depres- 

AX register 8 until both bits ♦ and 1 of the AX register have sion of the buttons as the user manipulates the control stick, 

been returned to a low logic level. When either one of the 20 In addition to the control stick 108. the digital joystick 102 

bits 0 and 1 in the AX register 8 returns to a low logic level. includes a slidable member 111 whose position is indepen- 

the computer software computes the delay time by deter- dently determined. Furthermore, the digital joystick 102 is 

mining the number of rimes that the input port 201H was capable of calculating a rotational (R) position of the control 

read. A similar calculation is performed on the remaining bit stick 108. in addition to the X and Y directions discussed 

in the input port Thus, the computer software determines the 25 above. This permits the user to rotate the control stick 108 

position of the conventional joystick 10 by calculating the about its longitudinal axis to generate additional position 

number of times that the input port 201H was read for each data in the digital joystick 102. Thus, the digital joystick 102 

of the X and Y directions. Alternatively, the computer 1 may has four independent movements, or degrees of freedom, 

utilize an internal timer (not shown) to measure the duration The X. Y, and R degrees of freedom are controlled by the 

of the X and Y timers 14 and 16. As can be seen from the 30 position of the control stick 108. while the fourth degree of 

two examples above, the computer 1 must measure the time freedom is provided by the slidable member 111. The digital 

duration of the X and Y timers 14 and 16 in some manner. joystick 102 determines the X. Y and R position of the 

It should be noted that the conventional joystick 10 is control stick 108. the positions of the slidable members lit. 

solely an input device. The game port 12 does not transmit and the position of all of the buttons 110. In the presently 

any commands or data to the conventional joystick 10. The 35 preferred embodiment, the digital joystick 102 can have up 

only "data** transferred by the OUT. 20 1H instruction is a to twelve physical buttons 110. 

command to start the timing sequence described above. It The digital joystick 102 is capable of two modes of 

should also be noted mat the game port 10 does not generate operation with the game port 12 (see FIG. 1A). In a first 

any interrupts to the host computer. Rather, the game port 12 mode of operation, the digital joystick 102 generates a 64-bit 

is a polled device that is activated by the computer software. 40 digital data packet that can be transferred directly from the 

and continuously monitored by the computer software. The digital joystick to the game port 12. In a second mode of 

disadvantage of this process is that the computer software operation, the digital joystick 102 emulates the conventional 

wastes a large amount of computer processing time by joystick 10 (see FIG. 1). A state transition diagram shown 

monitoring the bits in the input port 201H. Furthermore. in FIG. 4. includes a Digital Transmission Mode 300 and an 

other interrupts in the computer system may occur that will 45 Analog Emulation Mode 302 corresponding to the first and 

interrupt the continuous monitoring process described second modes of operation, respectively. In the Digital 

above. This may result in an inaccurate measurement of the Transmission Mode 300. the digital joystick 102 transmits 

elapsed time if bit 0 in input port 201H changes logic states digital data directly to the digital port 18 (see FIG. 3Q of the 

while the host computer is processing the interrupt One game port 12. The specific form of the 64-bit data packet 

alternative is to disable the interrupts during this monitoring 50 will be described in detail below. In the Analog Emulation 

process. However, this is not a desirable solution since many Mode 302, the digital joystick 102 emulates the cooven- 

important timing functions within the computer 1 depend on tional joystick 10 (see FIG. 1) by emulating resistance 

the interrupt system. Another significant disadvantage of the values that correspond to the resistance values of the X and 

game port 12 is that it is incapable of sending commands to Y potentiometers of the conventional joystick 10. The emu- 

thc conventional joystick 10. Some new joysticks utilize an 55 lated resistances are coupled from the digital joystick 102 to 

analog-to-digital converter to convert the potentiometer val- the X timer 14 and the Y timer 16 in a manner identical to 

ues to digital values that can be read by the computer. the operation of the conventional joystick 10. This advan- 

However, these types of joysticks cannot be used with the tageously provides the ability to emulate the conventional 

game port 12 because the game port is incapable of sending joystick 10 without requiring any additional computer soft- 

commands to the joystick. 60 ware within the computer 1 to operate the digital joystick 

The present invention is directed to various aspects of 102. 

data communication between a computer positional control The Analog Emulation Mode 302 of the digital joystick 

device, such as a joystick, and the computer 1 to which the 102 permits backward compatibility with existing computer 

positional control device is coupled. The interface is capable software. In this manner, the digital joystick 102 can be used 

of bidirectional communication with the conventional game 63 with computer software that does not have the capability of 

port 12 (see FIG. 1A). In addition, the present invention processing digital data from the digital joystick 102. In one 

dynamically configures data to maximize the data transfer embodiment, the digital joystick 102 initially powers up in 
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the Analog Emulation Mode 302 and changes to the Digital 
Transmission Mode 300 In response to a command from the 
game port IX 

The normal state of the system 100 in the Digital Trans- 
mission Mode 300 is a Digital Idle state 304. The digital 
joystick 102 automatically exits the Digital Idle state 304 
periodically to compute data corresponding to the position 
of the control stick 108 (see FIG. 3A). This is illustrated by 
a Compute Axis/Data state 306. This includes the X, Y and 
R position data, slidabie member 111 position data, as well 
as position data corresponding to the position of the buttons 
110. 

After the digital joystick 102 computes the position data 
in the Computer Axis/Data state 306. it enters a Latch 
Burtons data state 308. In the Latch Buttons state 308. the 
digital joystick 102 determines the position of each of me 
buttons 110 and latches this button data into output lines 
coupled to the digital port 18 (sec FIG. 3A). Latching the 
button data for the buttons 110 in the Latch Buttons state 308 
permits the computer software in the computer 1 to read the 
button values without transferring the entire 64-bit data 
packet generated by the digital joystick 102. The computer 
1 can determine the position of the buttons 110 at any time 
by executing a single input instruction (i.e., IN, 201H) at any 
time without the necessity of determining the position of the 
control stick 108 by executing the OUT, 201H instruction. 

After the digital joystick 102 has latched the button values 
in the Latch Buttons state 308. it returns to the Digital Idle 
state 304. In the presently preferred embodiment, the digital 
joystick 102 calculates the position of the control stick 108* 
the slidabie member 111. and the buttons HO approximately 
200 times per second Thus, the digital joystick 102 provides 
frequent updates of the position data. However, it should be 
noted that while the positions of the control stick 108, the 
slidabie member 111. and buttons 110 are automatically 
calculated, that data is not transmitted to the game port 12 
(see FIG. 3A) except in response to a "Send Data" command 
from the game port 12. As will be described in detail below, 
the system 100 permits the game port 12 to send a limited 
number of commands to the digital joystick 102. 

In response to the Send Data command, the digital joy- 
stick 102 enters a Send Data state 312 and transmits the 
64-bit digital data packet to the game port 12. The format of 
the 64-bit digital data packet will be described in greater 
detail below. If the digital joystick 102 completes transmis- 
sion of the 64-bit digital data packet without receiving an 
additional command, it exits the Send Data state 312 and 
returns to the Digital Idle state 304. If a "Send ID" command 
is sent to the digital joystick 102 while the digital joystick is 
in the Send Data state 312, the digital joystick completes its 
transmission of the 64-bit digital data packet and enters a 
Send ID state 316. As will be discussed in detail below, the 
digital joystick 102 transmits a digital ID data packet in 
response to the Send ID command. When the digital joystick 
102 completes the transmission of the digital ID data packet 
it returns to the Digital Idle state 304 if no additional 
commands have been received. If a "Go Analog" command 
is received from the computer 1 (see FIG. 3A) while the 
digital joystick 102 is in the Send ID state 316, the digital 
joystick 102 enters a Go Analog state 320 and enters the 
Analog Emulation Mode 302. 

In the Analog Emulation Mode 302, the normal state of 
the digital joystick 102 is an Analog Idle state 324. The 
digital joystick 102 automatically exits the Analog Idle state 
324 periodically to determine the position of the control 
stick 108 (see FIG. 3C), as previously described. The digital 
joystick 102 exits the Analog Idle state 324 and enters a 
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Compute Axis/Data state 326 to calculate the position of the 
control stick 108, as well as the position of the slidabie 
member 111 and the buttons 110. The digital joystick 102 in 
the Analog Emulation Mode 302. calculates the position of 
5 the control stick 108, the slidabie member 111. and the 
buttons 110 approximately 200 times per second. After the 
digital joystick 102 has determined the position of the 
control stick 108. the ridable member 111. and the buttons 

110. it exits the Compute Axis/Data state 326 and enters an 
to Emulate Resistors state 330. In the Emulate Resistors state 

330. the digital joystick 102 emulates the value of resis- 
tances for the X and Y potentiometers (see FIG. 1) that 
correspond to the X and Y positions, respectively, of the 
control stick 108 (see FIG. 3A). as well as the R position of 

15 the control stick and the position of slidabie member 111. 
The Emulate Resistors state 330 will be discussed in greater 
detail below. Following the emulation of the resistors, the 
digital joystick 102 (in the Analog Emulation Mode 302) 
leaves the Emulate Resistors state 330 and enters a Latch 

20 Buttons state 331. Hie Latch Buttons state 331 in the Analog 
Emulation Mode 302 operates in an identical manner to the 
Latch Buttons state 308 of the Digital Transmission Mode 
300. That is, the button data for the buttons 110 on the digital 
joystick 102 are latched into the digital port 18 (see FIG. 3A) 

25 and can be read by the computer software using the input 
instruction (e.g.. IN. 201H). After the digital joystick 102 
has latched the button values, it exits the Latch Buttons state 
331 and returns to the Analog Idle state 324. 

While in the Analog Emulation Mode 302. the digital 

30 joystick 102 is also capable of receiving commands from the 
game port 12 in a manner similar to that described above for 
the Digital Transmission Mode 300. However, the digital 
joystick 102 in the Analog Emulation Mode 302 processes 
only a single command from the game port 12. That single 

35 command places the digital joystick 102 in the Digital 
Transmission Mode 300. The digital joystick 102 (in the 
Analog Emulation Mode 302) changes from the Analog Idle 
state 324 to a Go Digital state 332 in response to a **Go 
Digital" command from the computer 1 (see FIG. 3A). The 

40 digital joystick 102 changes from the Go Digital state 332 to 
the Digital Idle state 304 in the Digital Transmission Mode 
300. The nature of the Go Digital command used to switch 
from the Analog Emulation Mode 302 to the Digital Trans- 
mission Mode 300 will be described in greater detail below. 

45 Returning momentarily to FIG. 3A. the position sensing 
circuit 106 of the digital joystick 102 uses optical position 
sensing techniques to determine the X, Y. and R position of 
the control stick 108 and the position of the slidabie member 

111. The position sensing circuit 106 is illustrated in greater 
50 detail in FIG. 3B. and includes a photodetector array 112 that 

senses light emitted from a pair of light sources 114a and 
1142>. such as a conventional light, a light-emitting diode, or 
the like. The photodetector array 112 generates electrical 
signals indicative of the intensity of detected light The 

55 photodetector array 112 comprises four independent photo- 
detector elements 112<z-1124 arranged in a planar arrange- 
ment Each of the four photodetector elements Wla-Wld in 
the photodetector array 112 produces an independent output 
whose value is dependent upon the intensity of light striking 

60 the particular element in the photodetector array 112. 

Following is a brief description of the position sensing 
circuit 106. However, additional details of the optical posi- 
tion sensing may be found in U.S. Pat No. 5.694.153. 
entitled "Input Device For Providing Multi-Dimensional 

65 Position Coordinate Signals To A Computer." filed on Jul. 
31, 1995. and incorporated herein by reference in its entirety. 
The X and Y positions of the control stick are determined 
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using the light source 114a. As seen ia FIG. 3B. the position 
of the illuminated area 115a and the intensity of light on 
each of the elements 112a-112rf on the photodetector array 
112 varies as the control stick 108, and hence the light source 
114a. are manipulated by the user. The output of each of the 5 
elements 112a-112J is analyzed to determine the X and Y 
positions of the control stick 168. The mathematics used to 
determine the position of the control stick 108 are readily 
apparent to those of ordinary skill in the art and need not be 
discussed herein. The two light sources 114a and 1146 are 10 
mounted in a coplanar arrangement and separated by a 
predetermined distance illustrated by the reference letter "d** 
in FIG. 3B. An aperture 117 is placed between the light 
sources 114a- 1146 and the photodetector array 112. The 
aperture 117 is circular in shape and has an area approxi- 15 
mat el y equal to the active area of one of the elements 
112a-U2d of the photodetector array 112. The aperture 117 
is positioned such that light from the light sources 114a and 
1146 provides some illumination on each of the elements 
112a-112J of the photodetector array 112. Furthermore, the 20 
aperture 117 is positioned such mat all of the light from the 
light sources 114a and 1146 always strikes the active surface 
of the photodetector array 112. In this manner, all light from 
the light sources 114a and 1146 Illuminates the four ele- 
ments \\2a-l\2d of the photodetector array 112. with 25 
different elements receiving varying amounts of light 
depending on the position of the control stick 108. 

For example, the light from each of the light sources 114a 
and 1146 illuminates areas 115a and 1156, respectively, of 
the photodetector array 112 corresponding to a particular 30 
position of the control stick 108. Using geometry and simple 
mathematics, the X. Y and R position of the control stick 108 
may be readily determined. 

The addition of the light source 1146 on the control stick 
108 allows the R position of the control stick to be deter- 35 
mined. In the presently preferred embodiment the light 
sources 114a and 1146 are time-division multiplexed so that 
only one light source is on at any given moment in time. By 
independently calculating the position of the illuminated 
areas 115a and 1156, the digital joystick 102 can determine 40 
the R position of the control stick 108. 

In addition to determining the X. Y. and R positions of the 
control stick 108. the digital joystick 102 determines the 
position of the slidable member 111. The slidable member 
111 includes a third light source 114c, whose light is also 45 
directed onto the photodetector array 112 to produce an 
illuminated area 115C. The light source 114c is also time- 
division multiplexed with the light sources 114a and 1146 so 
that only one of the three light sources 114o~114c is on at 
any given moment in time. The digital joystick 102 deter- 50 
mines the position of the slidable member 111 based on the 
intensity of light cast upon the photodetector array 112 when 
the light source 114c is illuminated in the same manner as 
the light source 114a is used to determine the X and Y 
position of the control stick 108. Thus, the photodetector 55 
array 112 generates electrical signals related to the X, Y. and 
R positions of the control stick 108. as well as the position 
of the slidable member 111- Alternatively, the light sources 
114a and 1146 may be mounted in fixed position beneath the 
control stick 108 with the photodetector array 112 mounted 60 
on the control stick, as illustrated in FIG. 3J. In either 
embodiment, the photodetector array 112 generates electri- 
cal signals related to the X, Y and R positions of the control 
stick 108. 

Returning again to FIG. 3A, the signals generated by the 65 
photodetector array 112 are processed by an amplifier/filter 
116 in a well-known manner. The processed analog signals 
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are coupled by control lines 118 to a microprocessor 124. 
The microprocessor 124 is a conventional component uti- 
lizing a memory 129, which may include both ROM and 
RAM. as well as other conventional microprocessor ele- 
ments such as VO ports (not shown), whose operation need 
not be described in detail herein. In the presently preferred 
embodiment, the microprocessor 124 is a Mitsubishi 
M37478M2 microcontroller, which includes an integral 
analog-to-digital converter (ADC) 125. The ADC 125 in the 
microprocessor 124 converts the processed analog signals 
on the control lines 118 to digital signals for further pro- 
cessing. The microprocessor 124 processes the digitized 
signals to determine the positions of the control stick 108 
and the slidable member 111. The microprocessor 124 
generates digital position data corresponding to the X. Y. and 
R positions of the control stick 108 and the position of the 
slidable member 111. 

The digital position data corresponding to the positions of 
the control stick 108 and the slidable member 111 may be 
transmitted to the digital port 18 of the game port 12 if the 
digital joystick 102 is operating in the Digital Transmission 
Mode 300 (see FIG. 4). The digital position data transmis- 
sion will be discussed in greater detail below. Alternatively, 
the microprocessor 124 can emulate the conventional joy- 
stick 10 (see FIG. 1) if the digital joystick 102 is operating 
in the Analog Emulator Mode 302 (see FIG. 4). The micro- 
processor 124 emulates the conventional joystick 10 by 
calculating resistance values for the X and Y potentiometers 
(see FIG. IB) corresponding to the current position of the 
control stick 108. The digital joystick 102 includes a pro- 
grammable resistor application specific integrated circuit 
(ASIC) 126. The microprocessor 124 generates analog emu- 
lation data corresponding to the calculated resistance values 
for the X and Y potentiometers. The ASIC analog emulation 
data is coupled to the ASIC 126 by analog emulation data 
lines 127. The operation of the ASIC 126 and the generation 
of analog emulation data will be described in greater detail 
below. 

A more detailed block diagram of the digital joystick 102 
is shown in FIG. 3C. As described above, the position 
sensing circuit 106 generates analog signals indicative of the 
X. Y. and R position of the control stick 108 (see FIG. 3B). 
as well as the position of the slidable member HI. The 
signals from the position sensing circuit 106 are coupled to 
the ADC 125 via the amplifier/filter 116. As previously 
discussed, the digital joystick 102 may include up to twelve 
physical buttons 110. The buttons 110 are coupled to the 
microprocessor 124 using a conventional switch matrix 
which includes diodes Dl which form a portion of the switch 
matrix. The operation of the switch matrix is well known and 
will not be described in greater detail herein. Simple alter- 
ation of the 64-bit data packet, or an increase in the size of 
the data packet, would permit the addition of more buttons 
110 on the digital joystick 102. 

The digital position data generated by the microprocessor 
124 is supplied directly to the digital port 18 in the game port 
12 if the digital joystick 102 is operating in the Digital 
Transmission Mode 300 (see FIG. 4). In the Digital Trans- 
mission Mode 300. the microprocessor 124 transfers the 
data from the position sensing circuit 106 and the buttons 
110 to the digital port 18 using button 1 input line of the 
digital port as a serial data in. and using button 2 input line 
of the digital port as a serial clock. As will be described in 
greater detail below, the data from the microprocessor 124 
is synchronously transferred to the game port 12 using the 
serial data line and the serial clock Line. 

The digital joystick 102 is also capable of emulating the 
conventional joystick 10 using the Analog Emulation Mode 
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302. In the Analog Emulation Mode 302, the digital joystick 
102 computes the position of the control stick 108 (see FIG. 
3A). The digital joystick 102 determines the X. Y. and R 
positions of the control stick 108, as well as the position of 
the slidabie member 111. Once these four positions have 
been determined, the microprocessor 124 can determine the 
corresponding resistance values using Equation (1). which 
was previously discussed with respect to the conventional 
joystick 10. These four resistance values are subsequently 
converted to an 8-bit value to be transmitted to the ASIC 
126, so mat the digital joystick 102 can emulate the proper 
resistance values. Alternatively, the microprocessor 124 can 
use a look-up table to translate the position data directly into 
an 8-bit value for transmission to the ASIC 126. The look-up 
table is stored in the memory 129 (see FIG. 3C). The use of 
look-up tables to convert data is well known in the art and 
need not be described in detail. 

In the Analog Emulation Mode 302. the microprocessor 
124 transmits the analog emulation data to program the 
ASIC 126. The ASIC 126 functions primarily as a four 
channel programmable resistor, corresponding to the X, Y. 
and R positions of the control stick 108. and the position of 
the slidabie member 111. The ASIC 126 is programmed by 
the microprocessor 124 to have resistance values that cor- 
respond to the position of the control stick 108 and the 
slidabie member 111. It should be noted that these emulated 
resistances correspond to the potentiometers in the conven- 
tional joystick 10. 

When the digital joystick 102 is in the Analog Emulation 
Mode 302. the ASIC 126 receives the analog emulation data, 
which is transferred serially on one line of the ASIC data 
lines 127. while an analog emulation data clock is trans- 
ferred on a second of the ASIC data lines. Four external 
resistor ladder networks are coupled to the ASIC 126 to 
emulate the analog resistances corresponding to the X, Y. 
and R positions of the control stick 108 and the slidabie 
member 111. Specifically, an RJLX resistor ladder network 
for the X position is programmed to have a selected resis- 
tance value corresponding to the X position of the control 
stick 108. Similarly, an RLY resistor ladder network is used 
to select the appropriate resistance value for the Y position 
of the control stick 108. In addition, a RLR resistor ladder 
network is used to emulate a resistance corresponding to the 
R position of the control stick 108. while an RLW resistor 
ladder network is used Co emulate a resistance corresponding 
to the position of the slidabie member 111. 

Each of the emulated resistances is coupled to a corre- 
sponding timer within the game port 12. As previously 
discussed, the X timer 14 and the Y timer 16 are used to 
determine the X and Y positions, respectively, of the control 
stick 108. The resistance emulated by the RLX resistor 
ladder network is coupled to the timer input 20 of the X 
timer 14. while the resistor ladder network RLY is coupled 
to the timer input 20 of the Y timer 16. If the game port 12 
has the electrical circuitry for the second joystick, the RLR 
resistor ladder network and the RLW resistor ladder network 
are coupled to the timer inputs 20 of an R timer 17 and a W 
timer 19. respectively. In this fashion, the digital joystick 
102 can provide a true analog emulation of the conventional 
joystick 10 (see FIG. IB). It should be noted that the digital 
joystick 102 docs not require any additional computer 
software within the computer 1 (see FIG. IA) when oper- 
ating in the Analog Emulation Mode 502. This advanta- 
geously allows the digital joystick 102 to be coupled to the 
game port 12 and to operate in the Analog Emulation Mode 
302 with existing computer software programs without any 
system reconfiguration required by the user. 
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As best illustrated in FIG. 3D. which is a functional block 
diagram of the ASIC 126, the ASIC is a four-channel CMOS 
integrated circuit that drives attached loads as if it were a set 
of four programmable resistors tied to the power supply 
5 (+V). Each channel has an 8-bit data latch 140. The data 
latches 140 are loaded simultaneously from a 32-bit shift 
register 142 via a synchronous serial interface. The analog 
emulation data (AED) is synchronously transferred over the 
ASIC data lines 127 into the serial shift register 142 using 
to the data clock. A write line (WR) in the ASIC data lines 127 
is used to strobe the data from the synchronous serial shift 
register 142 into each of the corresponding data latches 140. 
The data latches 140 set the state of a series of CMOS analog 
switches illustrated for the X position with the reference 
is numeral 146. Each channel consists of 8 CMOS switches 
146, connected in series, and 8 external resistors in the RLX 
resistor ladder network, each in parallel with a CMOS 
switch. The CMOS switches 146 adjust the resistance of 
each channel in 256 (i.e.. 2 s ) steps by turning on or off. 
20 When a bit in one of the data latches 140 is set to a high 
logic level, the corresponding CMOS switch 146 is "OFF" 
and when the bit in the data latch is a low logic level, the 
corresponding CMOS switch 146 is •'ON." The resistor 
ladder network and CMOS switches 146 are illustrated in 
25 the functional diagram of FIG. 3E wherein each CMOS 
switch 146 is illustrated as a simple SPST switch. As can be 
seen in FIG. 3E. if the CMOS switch 146 is OFF (Lc.. open), 
corresponding to a high logic level in the corresponding bit 
in the data latch 140, the resistance across the CMOS switch 
30 is included in the total resistance value. If the CMOS switch 
146 is ON (i.e.. closed), corresponding to a low logic level 
in the corresponding bit in the data latch 140. the resistance 
across the CMOS switch is shorted out and thus does not 
contribute to the total resistance value. The output (OUT) of 
33 the resistor ladder network RLX is coupled to the timer input 
20 of the X timer 14. As illustrated in FIG. 3E. all CMOS 
switches 146 are open and thus the resistance between +V 
and OUT is the sum of all of the resistance values. Using die 
resistor ladder networks RLX. RLY. RLR, and RLW. the 
40 ASIC 126 can emulate resistance values across a broad 
range and thus provide the timer inputs 20 with the appro- 
priate resistance corresponding to the X* Y, and R positions 
of the control stick 108 and the position of the slidabie 
member 111. It should be noted that the specific resistance 
45 values illustrated in FIG. 3E are provided as examples only. 
Those skilled in the art will readily recognize that other 
resistance values can be readily substituted for those illus- 
trated in the Example of FIG. 3E. 

The flowchart of FIG. 5 illustrates the steps taken by the 
so digital joystick 102 to emulate the conventional joystick 10. 
The digital joystick 102 begins the process at the start 400. 
In step 402. the position sensing circuit 106 (see FIG. 3C) 
detects the position of the control stick 108. In step 404. the 
microprocessor 124 generates digital position data corre- 
55 sponding to the position of the control stick 108. as well as 
the position of the slidabie member 111. In decision 406. the 
digital joystick 102 determines whether it is operating in the 
Analog Emulation Mode 302 (see FIG. 4). If the digital 
joystick 102 is not operating in the Analog Emulation Mode 
60 302. the result of decision 406 is NO. In that event, in step 
408. the digital joystick 102 transmits digital position data 
directly to the digital port 18 in response to the Send Data 
command from the game port 12. 
If the digital joystick 102 is in the Analog Emulation 
65 Mode, the result of decision 406 is YES. In that event, in step 
410. the microprocessor 124 generates analog emulation 
data corresponding to the X. Y. and R positions of the control 
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stick 108, as well as the position of the slidable member 111. 
As previously discussed, the microprocessor 124 can gen- 
erate the analog emulation data in a number of ways, such 
as by using Equation { 1), a look-up table (not shown), or the 
like. In step 412, the microprocessor 124 sends the Analog 
Emulation Data to the ASIC 126. Following the completion 
of step 412. the digital joystick 102 ends the analog emu- 
lation in step 414. As those skilled in the art will readily 
recognize, this process is repeated continuously by the 
digital joystick 102. 

While the ASIC 126 provides a simple way of emulating 
resistance values, those of skill in the art can appreciate that 
alternative techniques may also be used to emulate resis- 
tance values. For example, the ASIC 126 could be replaced 
with a digital to analog converter (DAC) 160 and a pro- 
grammable current source 162. as shown in FIG. 3F for an 
alternative embodiment The DAC 160 converts the analog 
emulation data from the rnicroprocessor 124 to a control 
voltage which in turn controls the current supplied by the 
programmable current source 162. The programmable cur- 
rent source output is a variable current that charges the 
capacitor C x coupled to the timer input 20 of the X timer 14 
in the game port 12. Thus, the actual resistances may be 
replaced with the programmable current source 162. 
Similarly, programmable current sources 162 are coupled to 
the timer input 20 of the Y timer 16. the R timer 17 and the 
W timer 19 to emulate those resistances. 

The DAC 160 may also be coupled to a programmable 
impedance 164 in place of the programmable current source 
162. In its simplest form, the programmable impedance 164 
comprises a single MOSFET transistor whose impedance is 
controlled by the data voltage, which is coupled to the output 
of the DAC 160. The programmable impedance thus charges 
the capacitor C M at the same rate as would the X potenti- 
ometer in the conventional joystick 10. 

In yet another alternative embodiment, the ASIC 126 is 
replaced by a 256:1 multiplexer 166 and a plurality of 
resistors 168. as shown in FIG. 3H for another alternative 
embodiment. The ASIC data lines 127 are replaced with 
select lines 170 to couple one or more of the resistors 168 to 
the timer input 20 of the X timer 14. The same principles are 
applied to the timer inputs 20 of the Y timer 16. the R timer 
17 and the W timer 19. 

As previously discussed, the conventional joystick 10 (see 
FIG. 1) is an input device only, and cannot receive data from 
the computer 1 via the game port 12. In contrast, the system 
100 utilizes the signal on the timer input 20 to generate 
interrupt requests for the rnicroprocessor 124 and thus 
communicates in a limited bidirectional fashion with the 
digital joystick 102. While the following discussion is 
centered around the use of the X timer 14. corresponding to 
the X direction, those skilled in the art will appreciate mat 
the Y timer 16 could also be used by the system 100. 
However, for the sake of simplicity, the present application 
will discuss the use of the X timer 14. 

As previously discussed, the timer input 20 of the X timer 
14 is reset to 0 volts at time T 2 (see FIG. 2) in response to 
OUT, 201H instruction to the game port 12. However, the 
digital joystick 102 replaces the X potentiometer with a 
fixed resistance value in the resistor ladder network RLX 
(see FIG. 3C) such that the elapsed time between periods T 2 
and T 3 in FIG. 2 is fixed. In the presently preferred 
embodiment, the resistor ladder network RLX is pro- 
grammed to have a fixed value of approximately 30 Kfi. 
Using the formula of Equation (1). the X timer 14 will 
generate a pulse of approximately 354.2 usee. A resistance 
value greater than 30 Kft may be used to provide a greater 
pulse width. 
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Returning again to FIG. 3C. the ASIC 126 includes first 
and second inverters 132 and 133. respectively, which may 
be Schmitt trigger inverters for better noise immunity. The 
resistor ladder network RLX OUT and the timer input 20 of 

5 the X timer 14 are also coupled to the input of the first 
inverter 132, as shown in FIG. 3D. When the signal on the 
timer input 20 of the X timer 14 begins to charge to a high 
logic level, the output of the first inverter 132 switches to a 
low logic level as the timer input passes the logic threshold 

10 for the first inverter. The output of the first inverter 132 is 
coupled to a first interrupt (INTO) input 134 on the micro- 
processor 124. Thus, a single interrupt request is generated 
for the rnicroprocessor 124 in response to the OUT. 201 H 
instruction to the game port 12. As will be described below, 

15 the game port 12 can send "commands" to the micropro- 
cessor 124 using one or more interrupts. 

In response to the interrupt request at the INTO input 134. 
the microprocessor 24 transmits a 64-bit data packet with 
data corresponding to the X. Y. and R positions of the control 

20 stick 108 and the position of the slidable member 111. as 
well as the condition of the buttons 110. In the presently 
preferred embodiment, the digital joystick 102 transmits a 
10-bit unsigned integer for the X position, representing the 
absolute position of the control stick 108 in the X direction. 

25 Similarly, the digital joystick 102 transmits a 10- bit 
unsigned integer for the Y position, representing the absolute 
position of the control stick 108 in the Y direction. The 
digital joystick 102 also transmits a 10-bit unsigned integer 
for the position of the slidable member 111. The R position 

30 of the control stick 108 is represented by a 9-bit unsigned 
integer. 

The digital joystick 102 also transmits 8-bits. correspond- 
ing to eight of the twelve physical buttons 110, respectively. 
In addition to the eight buttons 110, the digital joystick 102 

35 includes a hat switch button 110A having four internal 
switches operable by a single button. The hat switch button 
110A can activate a single switch corresponding to UP. 
DOWN. LEFT, and RIGHT. In addition, the hat switch 
button 110A can be positioned at a diagonal to simulta- 

40 neously activate two switches. For example, the hat switch 
button could be moved diagonally to activate the UP switch 
and the RIGHT switch simultaneously. The digital joystick 
102 encodes eight possible positions of the hat switch button 
110A, corresponding to 45-degree intervals (i.e., UP. 

45 UP-RIGHT, RIGHT. DOWN-RIGHT. DOWN, DOWN- 
LEFT, LEFT, and UP-LEFT), and transmits four encoded 
hat switch button data bits as part of the 64-bit data packet 
A single mode data bit is also included in the 64-bit data 
packet. The mode data bit indicates whether the digital 

50 joystick 102 is operating in the Digital Transmission Mode 
300 (see FIG. 4) or in the Analog Emulation Mode 302 as 
well as the type of conventional joystick 10 being emulated 
if in the Analog Emulation Mode. The 64-bit data packet 
also includes a 4-bit checksum of each nibble for all 8 bytes 

55 transmitted by the digital joystick 102. The total checksum, 
including the nibble checksum, should equal zero. The 
computer 1 (see FIG. 1A) uses the checksum in a conven- 
tional manner to detect errors in the transmission of the 
64-bit data packet Other well-known forms of error detec- 

60 tion could also be used. It should be noted that the 64-bit 
data packet is presented herein as one example of the system 
100. However, different lengths for the data packet can also 
be used. For example, the system 100 may include a data 
hub 180. illustrated in FIG. 31 to which a number of 

65 positional control devices may be connected. The data hub 
180 may be an independent device, or a part of the digital 
joystick 102 (see FIG. 3A). In the example illustrated in 
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FIG. 3L the data hub 180 is coupled to two digital joysticks 
102. rudder pedals 182. and a game pad 184. Each of the 
positional control devices generates position data that is 
transferred to the data hub 180. In response to the Send Data 
command from the game port 12, the data hub 180 transmits 
a digital data packet that includes positional control data 
from each of the positional control devices. As illustrated in 
FIG. 31. the data hub 180 transmits a digital packet 186 
comprising a data header 186A followed by data from each 
of the positional control devices. Data portions 186B and 
186C contain positional data from each of the digital joy- 
sticks 102, respectively. Data portion 186D contains position 
data from the rudder pedals 182. while data portion 186E 
contains data from the game pad 184. Thus, the digital data 
packet 186 is not limited merely to a 64-bit data packet as 
illustrated in the example with one digital joystick 102. 

The 64-bit data packet is transferred from the joystick 102 
to the computer 1 through the digital port 18. which is 
normally used to sense the position of buttons Bl and B2 
(see FIG. IB) on the conventional joystick 10. The system 
100 uses (he two button inputs, corresponding to bits 4 and 
5 of input port 201 H. as a serial data input and a serial dock 
input, respectively. As will be discussed below, the serial 
data is synchronously transferred using the serial clock. The 
microprocessor 124 contains conventional I/O ports (not 
shown) to couple the serial data and the serial clock to the 
digital port 18. 

FIG. 6A illustrates waveform timing diagrams of the 
system 100. Instructions in the computer software cause the 
CPU 2 to generate the OUT. 20 1H instruction to the game 
port 12. which is interpreted by the digital joystick as the 
Send Data command. Waveform A illustrates the OUT. 
20 1H instruction. Waveform B illustrates the output of the X 
timer 14, which is bit 0 of input port 201H (see FIG. 3A). 
The output of the X timer 14 is set to a high logic level in 
response to the OUT. 201H instruction. Time period tj is the 
pulse width of the X timer 14 using the riming capacitor C, 
and the fixed resistance value for the resistor ladder network 
RLX (see FIG. 3C). Waveform C illustrates the INTO input 
134, which changes logic states in response to the capacitor 

at the timer input 20 charging above the logic threshold 
of the first inverter 132. 

In response to the interrupt request, the microprocessor 
124 transmits the 64-bit data packet containing the digital 
position data and switch position data. Waveform D illus- 
trates the transmission of the 64-bit data packet Time period 
tj is the delay time from the interrupt request to the midpoint 
of the first bit of the 64-bit data packet when the data bit is 
valid. As will be discussed in greater detail below, the 64-bit 
data packet is dynamically configured for transmission seri- 
ally using one of the button input lines on the digital port 18, 
or in parallel to two or more button input lines on the digital 
port Waveform E illustrates the serial clock generated by the 
microprocessor 124 (see FIG. 3C) to control the data transfer 
from the digital joystick 102 to the game port 12. The serial 
data of waveform D is synchronously transferred to the 
digital port 18 (see FIG. 3A) with the serial clock of 
waveform E. Each bit of the 64-bit data packet is valid on 
the rising edge of the serial clock. The computer software 
within the computer 1 (see FIG. 1A) uses the serial clock to 
read the 64-bit data packet Techniques used by the com- 
puter software to read the serial data and the synchronous 
serial clock are well known and need not be described 
herein. Time period t 3 is the total data packet transmission 
time for the 64-bit data packet In the presently preferred 
emrxxliment. the total data packet transmission time period 
t 3 , for the 64-bit data packet is approximately 710 usee. This 
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assumes a data transfer rate of 100.000 bits per second (100 
Kbits/second). Data is transferred in 8 bytes of data, each 
having 8 data bits. There is approximately 1 usee delay 
between successive data bytes. Time period t 4 is the time to 
5 transfer a single bit at 100 Kbits/second. Time period t s is the 
delay from the rising edge of the OUT. 201H instruction to 
the rising edge of the serial dock, indicating a valid data bit 
Those of ordinary skill in the art will appreciate thai different 
data transfer rates will alter the time period discussed above, 
however, such variations are merely design choices and do 
not affect the scope of the invention. 

The waveform timing diagram of FIG. 6B illustrates the 
total transmission time for the 64-bit data packet in response 
to the single interrupt request at the INTO input 134 (see 
FIG. 3A). Thus, the game port 12 can communicate with the 

15 digital joystick 102 by generating the interrupt request The 
first interrupt request is interpreted by the digital joystick 
102 as the Send Data command. In response to the Send 
Data command, the digital joystick 102 transmits the 64-bit 
data packet with digital position data and button data, as 

20 described above. 

To send an additional command to the digital joystick 
102. the game port 12 transmits an additional OUT. 201H 
command while the microprocessor 124 is processing the 
first interrupt request This is illustrated by the waveform 

25 diagram of FIG. 7 where a timer input 20 of the X timer 14 
is shown in waveform A. As the timer input charges, the 
output of the inverter 132 (see FIG. 3A) changes logic levels 
generating a first interrupt request at the INTO input 134. In 
response to the first interrupt request 200. the microproces- 

30 sor 124 (see FIG. 3A) transmits the 64-bit data packet 
shown in waveform C. in the manner described above. 

Waveform B also includes a second interrupt request 202 
that is generated by the inverter 132 in response to the 
additional OUT. 201H command. The second interrupt 

35 request 202 must occur while the microprocessor 124 is 
transmitting the 64-bit data packet 

In response to the second interrupt request 202. INTO 
input 134 is again set to a low logic level. The micropro- 
cessor 124 interprets the second interrupt request 202 as the 

AO Send ID command. In response to the Send ID command, 
the microprocessor 124 transmits a device identification (ID) 
data packet. The device ID data packet includes data iden- 
tifying the manufacturer of the digital joystick 102. the 
model number and serial number of the particular digital 

45 joystick, and the version of the firmware used to operate the 
microprocessor 124. Those skilled in the art will understand 
that other forms of information can also be included in the 
digital identification data packet. 
The game port 12 can send additional commands to the 

50 digital joystick 102 by transmitting an additional interrupt 
request to the INTO input 134 while the microprocessor 124 
is processing the previous interrupt request Using the data 
transfer rates described above and the pulse width generated 
by the timing capacitor C x (see FIG. 3A) and the resistor 

55 ladder network RLX. the system 100 can include up to eight 
commands. The pulse width generated by the X timer 14 
limits the number of commands because the timer cannot be 
retriggered until the timer output is reset to zero, which 
occurs at the end of the time delay period. The data transfer 

60 rate limits the number of commands because interrupts must 
occur during the processing of the previous command. For 
example, the second interrupt must occur while the digital 
joystick 102 is transmitting the 64-bit data packet in 
response to the first interrupt request. As those of ordinary 

65 skill in the art can readily appreciate, different data transfer 
rates, and a different pulse width for the X timer 14 can be 
used to permit a different number of commands. 
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In the presently preferred embodiment of the digital 
joystick 102, only three commands are used. As seen in FIG. 
8. the Send Data command is transmitted from the game port 
12 to the digital joystick using the first interrupt request 206, 
as shown in waveform A of FIG. 8. The second interrupt 
request 202 is interpreted by the digital joystick 102 as the 
Send Device ID command, A third interrupt request 204, 
generated while the microprocessor 124 is transmitting the 
device ID data packet, is interpreted by the digital joystick 
102 as a "Switch to Analog** command to switch the digital 
joystick into the Analog Emulation Mode 302 (see FIG. 4). 
Waveform A of FIG. 8 shows the waveform at the INTO 
input 134 of the microprocessor 124. Waveform B in FIG. 8 
illustrates the output of the X timer 14 (i.e.. Bit 0. IN, 201H) 
in response to the sequence of OUT. 201H commands. 
Waveform C in FIG. 8 illustrates the transmission of the 
64-bit position data packet in response to the first interrupt 
request 200 and the transmission of the device ID data 
packet in response to the second interrupt request 202. The 
digital joystick 102 does not transmit any additional data to 
the game port 12 in response to the third interrupt request 
204. Rather, the digital joystick 102 switches from the 
Digital Transmission Mode 300 (see FIG. 4) to the Analog 
Emulation Mode 302. 

It should be noted that the use of the three commands 
illustrated above are presented as examples of the inventive 
bidirectional communication system for use with the digital 
joystick 102. As those skilled in the art can readily 
appreciate, other commands to the digital joystick 102 can 
be used. Furthermore, the digital joystick 102 could be 
replaced with a different peripheral device (not shown), such 
as the data hub 180 (see FIG. 3H). and the principles of the 
present invention used to communicate with that peripheral 
device in a manner determined by the nature of the periph- 
eral device itself. 

As previously discussed, the digital joystick 102 of the 
system 100 can operate in the Digital Transmission Mode 
300 or the Analog Emulation Mode 302 (see FIG. 4). The 
digital joystick 102 is placed in the Analog Emulation Mode 
302 by transmitting the three interrupt requests 200. 202. 
and 204 (sec FIG. 8) to the INTO input 134 of the micro- 
processor 124 in the manner previously described. In 
addition, the system 100 can send a "Switch to Digital" 
command to the digital joystick 102 to change from the 
Analog Emulation Mode 302 to the Digital Transmission 
Mode 300. 

The game port 12 causes the digital joystick 102 to change 
from the Analog Emulation Mode 302 to the Digital Trans- 
mission Mode 300 using a series of interrupt requests to the 
digital joystick. In response to the predetermined sequence 
of interrupt requests, the digital joystick 102 changes from 
the Analog Idle state 324 (see FIG. 4) to the Go Digital state 
332. FIG. 9 illustrates the waveforms used to generate the 
Switch to Digital command. Waveform A of FIG. 9 illus- 
trates the timer input 20 of the X timer 14 in response to a 
series of OUT. 201H commands from the game port 12 (see 
FIG. 3A). As previously discussed, the output of the X timer 
14 remains high for a period of time dependent on the value 
of the timing capacitor C x and the emulation resistance value 
from the RLX resistor ladder network in the ASIC 126 (see 
FIG. 3C) as illustrated in waveform B of FIG. 9. Waveform 
C illustrates a series of four interrupt requests that are 
coupled to the INTO input 134 (see FIG. 3C) of the micro- 
processor 124 while the digital joystick 102 is in the Analog 
Emulation Mode 302 (see FIG. 4). The digital joystick 102 
interprets the series of four interrupt requests, having a 
predetermined time relationship, as the Switch to Digital 
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command to change from the Analog Idle state 324 to the Go 
Digital state 332 and thus return to the Digital Transmission 
Mode 300. A first analog mode interrupt request 350 is 
processed as a normal interrupt in which position data is 
5 requested by the computer software. 

When the INTO input 134 returns to a high logic level, a 
second analog mode interrupt request 352 must be generated 
within a predetermined period of time t 4 . as shown in FIG. 
9. In the presently preferred embodiment, the second analog 
to mode interrupt request 352 must occur between 115 usee 
and 305 usee of the time at which the INTO input 134 (see 
FIG. 3C) returned to a low logic level. If the second analog 
mode interrupt request 352 docs not occur within this time 
frame, there is no valid Switch to Digital command and the 
15 second analog mode interrupt request is merely treated as 
another request for position data. If the second analog mode 
interrupt request 352 does occur within the required time 
frame, the microprocessor 124 records the precise time t L 
and stores the time, designated as V When the INTO input 
20 134 returns to a high logic level, a third analog mode 
interrupt request 354 must be generated with a predeter- 
mined period of time tj. When the INTO input 134 returns to 
a high logic level, a fourth analog mode interrupt request 
356 must be generated within a predetermined period of 
25 time t 3 as shown in FIG. 9. The time periods t x . X? and t 3 are 
all different time periods to prevent the accidental transition 
of the digital joystick 102 from the Analog Emulation Mode 
302 to the Digital Transmission Mode 300 by computer 
software programs. As stated above, the time period t t is 
30 designated as t„ only if it is greater than 115 usee and less 
than 305 usee. The time periods t 2 and t 3 must satisfy the 
equations below: 

f.+697 n3©eci2<r„+755 paec (2) 
35 t,+288 }isec<S3<t T +$l2 psec p) 

such that all three time periods t t . t^, and t3 must be within 
specified ranges. If the four analog mode interrupt requests 
350. 352. 354. and 356 do have the specified timing 
40 relationship, the digital joystick 102 switches from the 
Analog Emulation Mode 302 (see FIG. 4) to the Digital 
Transmission Mode 300. Thus, the system 100 can effec- 
tively send commands to the digital joystick 102 in either the 
Digital Transmission Mode 300 or the Analog Emulation 
45 Mode 302 (see FIG. 4). 

Returning briefly to FIG. 3C, the microprocessor 124 
transmits serial data from the digital joystick 102 to the 
button input lines on die digital port 18 of the game port 12. 
as previously described. However, the conventional game 
50 port connector 22 (see FIG. IB) permits the simultaneous 
connection of two conventional joysticks 10. While the 
connector 22 permits the simultaneous connection of two 
conventional joysticks 10. not all game ports 12 include the 
necessary electrical circuitry to enable the use of two con- 
55 ventional joysticks 10. The system 100 automatically tests 
the game port 12 for the presence of electrical circuitry for 
a second joystick (not shown) and dynamically configures 
the data from the microprocessor 124 to be transmitted 
serially over a single data line if the game port 12 has the 
60 electrical circuitry for one joystick 10. or configures the data 
packet to transmit data in parallel if the game port 12 has the 
electrical circuitry for two joysticks. 

FIG. 10 is a simplified version of FIG. 3C and shows only 
the microprocessor 124. the digital port 18. and the connec- 
ts tor 22. FIG. 10 illustrates the data configuration when the 
game port 12 has the electrical circuitry for only one 
joystick. As previously discussed, the serial data is trans- 
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mined from the microprocessor 124 into the input to the joystick in response to Send Data commands from the game 

digital port 18 that is typically used for button Bl (see FIG. port 12 (see FIG. 3A). However, if the microprocessor 124 

IB). Similarly, the synchronous serial dock (see waveform receives the Send ID command, the digital identification 

E of FIG. 6A) from the microprocessor 124 is connected to data is transmitted to the button inputs for the first joystick 

the input on the digital port 18 typically used by button BZ 5 as previously described. In addition, the microprocessor 124 

The serial data and serial clock of the system 100 are read sends a predetermined code sequence to the button inputs for 

as bits 4 and 5, respectively, of IN. 201 H. the second joystick after each byte of data is transmitted in 

nO. 11 illustrates the dynamic data configuration if the device ID data packet In the present embodiment, the 

electrical circuitry for a second conventional joystick is logic state of the button inputs for the second joystick are 

present within the game port 12. As seen in FIG. 11, one 10 toggled following the transmission of each byte of the 

button input line on the digital port 18 is used as a serial device ID data packet. The computer 1 monitors the data bits 

clock input while the remaining three button input lines on in the input port 20 1H corresponding to the second joystick 

the digital port are used for data inputs. As can be readily (bits 6 and 7 of the input port 201H). If the predetermined 

appreciated by those of ordinary skill in the art, data code pattern is present during the transmission of the device 

transmission rates are greatly increased by the use of addi- is ID data packet the host computer recognizes that the 

tional data input tines. Thus, the data configuration illus- electrical circuitry for the second joystick is present and that 

trated by FIG. 11 is substantially faster than that illustrated the digital joystick 102 will utilize all button inputs for 

by FIG. 10. subsequent data transmission. Following transmission of the 

The system 100 tests for the presence of electrical or- device ID data packet the digital joystick 102 configures 

cuitry for the second joystick in the game port 12 and 20 data for transmission to the computer 1 in the manner 

automatically configures the data to take advantage of the illustrated in FIG. 11. In addition, the computer 1 is also 

presence of additional electrical circuitry for the second configured to receive subsequent data transmissions from 

game port To test for the presence of such electrical the digital joystick using the button inputs for both the first 

circuitry, the microprocessor 124 examines a second inter- and second joystick inputs. 

rupt (INT1) input 135. The INT1 input 135 is coupled to the 25 If the INT1 input 135 does not have the appropriate logic 
output of the second inverter 133 (see FIG. 3Q within the state, the digital joystick interprets this as an indication that 
ASIC 126. The input of the second inverter 133 is. in turn. the electrical circuitry for the second joystick is not present 
coupled to the timer input 20 corresponding to the X timer in the game port In this event the digital joystick 102 will 
of the electrical circuitry for the second joystick in the game not transmit the predetermined data pattern during transmis- 
port 12 (illustrated in FIG. 3C as the R timer 17). As 30 sion of the device ID data packet and will continue to 
previously discussed, the timer input 20 of each timer 14, 16, configure data for transmission only to the two button inputs 
17. and 19 in the game port 12 is set substantially to 0 volts corresponding to the first joystick. In addition, the computer 
when the host computer 1 sends the OUT. 201H instruction 1 will not detect the predetermined data pattern on bits 6 and 
to the game port 12. The microprocessor 124 interprets the 7 of the input port 201H, and will thus configure the game 
interrupts at INTO input 134 as commands, in the manner 35 port 12 to receive subsequent data transmissions from the 
previously discussed. However, the microprocessor 124 also digital joystick 102 using only the button inputs correspond- 
monitors the INT1 input 135 to determine whether the Lag to the first joystick. Thus, the system 100 automatically 
electrical circuitry for the second joystick is present If the configures both the digital joystick 102 and the computer 1 
second joystick electrical circuitry is present the INT1 input for transmit sion of digital data through a single button input 
135 will go to a low logic level. If there is no electrical 40 line on the digital port 18 of the game port 12 or through 
circuitry for the second joystick in the game port 12, the multiple button input lines on the game port without any 
ENT1 input 135 will not change to a low logic level. In this intervention by the user- 
manner, the digital joystick 102 can determine whether or As previously discussed, the digital joystick 102 transmits 
not the second joystick electrical circuitry is present in the the 64-bit data packet which includes the digital position 
game port 12. If the game port 12 has the second joystick 45 data, button data, and error direction data. The digital 
electrical circuitry, the digital joystick 102 dynamically position data that is coupled to the button input lines on the 
configures the digital data to be transmitted to the button digital port 18 originates in the microprocessor 124 and the 
input lines for both the first and second joysticks in the ASIC 126. As seen in FIG. 3C, the serial clock and data line 
digital port 18 as shown in FIG. 11. As those skilled in the A originate in the microprocessor 124 while data lines B and 
art can appreciate, the INT1 input 135 may be an edge- 50 C originate in the ASIC 126. The ASIC 126 also includes a 
triggered interrupt or a polled level signal. Thus, the micro- 2-bit latch 150, illustrated in FIG. 3D to provide additional 
processor 124 may process the signal at the INT1 input 135 button position data or part of the 64-bit data packet to the 
in a number of different ways. For example, the second second joystick electrical circuitry. The 2-bit latch 150 has 
inverter 133 may be eliminated and the microprocessor 124 a latch mode in which data, such as additional button data, 
programmed to pole the INT1 input 135 while the INTO 55 is latched in the Latch Buttons state 308 (see FIG. 4). The 
input 134 is at a low logic level. In this embodiment the 2-bit latch 150 also has a transparent mode, in which data 
signal at the INT1 input 135 would be at a high logic level appearing on the input of the 2 -bit latch 150 is mirrored on 
if the electrical circuitry for the second joystick is present in two output lines, which are button inputs 3 and 4 on the 
the game port 12. Therefore, the present invention is not digital port 18. Alternatively, the microprocessor 124 could 
limited by the specific farm of the signal present at the INT1 60 provide the additional data lines directly to the digital port 
input 135. 18. as illustrated in FIG. 11. 

The computer 1 (see FIG. 3C) must also perform a task to The flowchart of FIG. 12 illustrates the steps taken by the 

determine whether the second joystick electrical circuitry is system 100 to determine whether the second joystick elec- 

present in the game port 12. If the microprocessor 124 trical circuitry is present in the game port 12. At the start 

determines that the electrical circuitry for the second joy- 65 210. the system 100 (see FIG. 3C) tests for the presence of 

stick is present, it nonetheless continues to transmit the second joystick electrical circuitry. In decision 212. the 

64-bit data packet only to the button inputs to the first microprocessor 124 tests to deterrnine whether the INTO 
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input 134 (see FIG. 3C) is ai a high logic level. If the INTO 
input 134 is not at a low logic leveL the result of decision 
212 is NO. and the system 100 loops back to decision 212. 
If the INTO input 134 is at the low logic level, the result of 
decision 212 is YES. In that event the microprocessor 124. 5 
in decisioD 214. tests whether the INT1 input 135 is also at 
the low logic level. As previously noted, a single OUT. 201H 
instruction to the game port 12 will cause all timers to start. 
If the game port 12 includes the second joystick electrical 
circuitry, the timer input 20 of the R timer 17 (see FIG. 3C) 10 
also charges at the same time as the timer input for the X 
timer 14. Thus, the INTO input 134 and the INT1 input 135 
will both be at a low logic level if the second joystick 
electrical circuitry is present in the game port 12. If the INT1 
input 135 is not high, the result of decision 214 is NO. In that 15 
event. In step 216, the microprocessor 124 configures the 
data to be transmitted serially to the button 1 and button 2 
input lines on the game port 12 with the data being trans- 
mitted to one of the two button input lines and the serial 
dock being transmitted to the other of the two button input 20 
lines. If the INT1 input 135 is high, the result of decision 214 
is YES. In that event, the system 100 tests for the presence 
of the Send ID command in decision 218. If no Send ID 
command was transmitted from the game port 12 to the 
digital joystick 102. the result of decision 218 is NO. If the 25 
result of decision 218 is NO. the digital joystick 102 
continues to transmit the 64-bit data packet in a serial 
fashion, as illustrated by FIG. 10. If the Send ID command 
has been transmitted from the game port 12 to the digital 
joystick 102. the result of decision 218 is YES. In mat event 30 
in step 222, the microprocessor 124 serially transmits the 
digital ID data packet to the two button input lines on the 
digital port 18 corresponding to the first joystick. However, 
as discussed above, the digital joystick 102 must also 
transmits the predetermined data position to the button 35 
inputs of the second joystick to permit the computer 1 to 
verify the presence of electrical circuitry for the second 
joystick in the game part 12. 

The computer 1 tests for the presence of the second 
joystick electrical circuitry in the game port 12. as illustrated 40 
in the lower portion of the flowchart of FIG. 12. While the 
microprocessor 124 transmits the digital ID data packet in 
step 222. the microprocessor also transmits the predeter- 
mined data pattern to the button inputs (bits 5-6) of input 
port 201H) for the second joystick in step 224. In decision 45 
228, the computer software within the computer 1 tests to 
detect the predetermined data pattern is present at the button 
inputs for the second joystick. If the predetermined data 
pattern is detected, the result of decision 228 is NO. In that 
event, in step 232. the computer 1 is configured to read the 50 
data transmitted serially only to the burton 1 input line. If the 
data on the respective button input lines is identical, the 
result of decision 228 is YES. In that event, in step 230, the 
computer 1 is configured to read the data transmitted in 
parallel to the three button input lines with the remaining 55 
button input line being used for the serial clock. It should be 
noted that the process illustrated in the flowchart of FIG. 12 
need not be repeated every time the INTO input 134 (see 
FIG. 3a) changes to a low logic level. In practice, the digital 
joystick 102 tests for the presence of the electrical circuitry 60 
for the second joystick as part of an initialization routine 
when power is first applied to the digital joystick. As 
previously discussed, the digital joystick 102 continues to 
transmit data serially to the game port 12 (see FIG. 3a) until 
the device ID command is received by the digital joystick. 65 
The device ID command is typically transmitted by the 
computer 1 as part of an initialization routine for the game 
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port 12. Thus, the configuration setup routine illustrated in 
FIG. 12 is performed only one time. Following the comple- 
tion of step 230 or step 232. the system ends the configu- 
ration setup at step 234. Subsequent data transmissions from 
the microprocessor 124 to the digital port 18 are configured 
to conform with the electrical circuitry present in the game 
port 12. Alternatively, the computer 1 can configure the 
digital joystick 102 to have the desired configuration for data 
transmission by sending bidirectional commands to the 
digital joystick using a sequence of interrupts in the manner 
previously described. 

Thus, the system 100 takes advantage of the presence of 
electrical circuitry for the second joystick in the game port 
12 to reduce the overall data transmission time. While the 
specific embodiment illustrated in FIGS. 10 and 11 utilize a 
serial clock and three serial data lines, those of ordinary skill 
in the art can readily appreciate that other types of dynamic 
data configuration are possible. For example, two serial 
clocks could be used and the remaining two inputs to the 
digital port 18 could all be used to transmit data. In addition, 
those of ordinary skill in the art can appreciate that the 
specific data connections to the digital port 18 are merely a 
matter of design choice and could be readily altered. For 
example, the serial clock and the data lines could be 
reversed. 

As has been described above, the digital joystick 102 (see 
FIG. 3A) of the system 100 is capable of operation with the 
conventional game port 12 and can respond to commands 
from the game port. Furthermore, the digital joystick 102 
can emulate the conventional joystick 10 (see FIG. IB) with 
emulated resistances to maintain backward compatibility 
with existing computer software. In yet another aspect of the 
invention, the system 100 can accept position data from a 
variety of data sources, and will use the data from a user 
selected data source to emulate the data from the conven- 
tional joystick 10. In this embodiment the system 100 can 
even emulate the game port 12 itself. This is best illustrated 
in FIG. 13 where the computer 1 has a control device port 
420 coupled to a positional control device 422, such as a 
mouse, trackball, light pen. or the like. Alternatively, the 
position data may come from a disk storage unit 424. such 
as a disk drive. Designating the disk storage unit 424 as the 
data source advantageously permits the user to record posi- 
tional data on the disk storage unit and to subsequently 
replay the exact positional data. In this embodiment of the 
invention, the host computer 1 may not include the game 
port 12. A game port emulator (GPE) 426 resides in a portion 
of the memory 4 and allows the user to select the source of 
cursor position data mat will be used to emulate the con- 
ventional joystick 10. The user can select any data source to 
provide position data. The GPE 426 determines the position 
data using the data from the user selected data source. The 
GPE 426 subsequently emulates data from the game port 12 
by substituting its own data into the AX register 8 in 
response to input requests from the computer software. The 
manner in which the GPE 426 substitutes its own data will 
be described in detail below. 

The positional control device 422 selected by the user 
provides position data to the system 100 through the posi- 
tional control device port 420 in a conventional manner. The 
cursor position data is delivered to the system 100 which 
formats the data into a predetermined form and delivers the 
formatted data to a GPE data frame 428. which is typically 
part of the memory 4. The GPE data frame 428 will be 
described in greater detail below. The GPE data frame 428 
contains position data from the positional control device 
422. as well as data regarding the status of buttons (not 
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shown) on the positional control device. The GPE data pointing device (not shown), which are stored in the portion 
frame 428 receives and stores position data from a plurality 436 of the GPE data frame 428. It should be noted that many 
of different data sources. The only requirement for any data pointing devices, such as the trackball pointing device, only 
source is that it must provide data translatable into position have two directions of movement Thus, the two directions 

data. In addition, the data source may provide button data. 5 of movement provided by the trackball are stored in the 

The system 100 can select any of the plurality of data portion 436 of the GPE data frame 428 as X and Y position 

sources by taking position data from selected portions of the data. Other devices, such as a virtual reality helmet (not 

GPE data frame 428. Thus, the system 100 provides the shown) may provide more directions of movement. Each of 

further advantage of having flexibility in the selection of the these directions of movement is stored in an appropriate 

data source, and can switch freely between data sources. The 10 location with the GPE data frame 428. 

user can select the data source for each of the four degrees It should also be noted that not all data provided by each 

of freedom of the digital joystick 102. For example, the X data source is utilized by the GPE 426. For example, each of 

and Y position data could be provided by the conventional the data sources provides position data, and many of the data 

joystick 10 (see FIG. IB) while the R position data is sources will provide button data in addition to the position 

provided by a mouse (not shown). The data from the user 15 data. However, the GPE 426 only uses the data specified by 

selected positional control device 422 is formatted in a the memory index 440. The conventional digital joystick 

unique manner in the GPE data frame 428 to permit its use 102 provides X and Y and R position data, slidable member 

in emulating the data from the conventional joystick 10. Ill position data, as well as button data, while the trackball 

The GPE data frame 428 has a predetermined format pointing device (not shown) provides X and Y position data 

illustrated in FIG. 14. The system 100 permits the user to 20 as well as button data. However, in the example illustrated 

define a plurality of data sources, illustrated in FIG. 14 as above, the digital joystick 102 is used only to provide the X 

input devices Sl-Sn. Each data source provides position and Y position data, while the X and Y position data from the 

data or button data to the GPE data frame 428. The GPE 426 trackball pointing device is used to provide the R position 

takes the data from the user selected data sources) and data and the slidable member 111 position data, respectively, 

converts the data to a form usable by the computer software. 25 In the example above, the button data is provided by the 

As a default section, the conventional joystick 10 (see FIG. keyboard 427 even though the conventional digital joystick 

IB) provides position data in the conventional manner 102 and the trackball pointing device (not shown) also 

previously described. Each input device has position data provide button data inputs. Thus, each data source may 

and may have button data mat are placed in predetermined provide more data than is utilized by the GPE 426. 

locations within the GPE data frame 428. The GPE 426 of 30 The GPE data frame 428 also contains a button memory 

the system 100 is provided with a memory index 440 to index 442. which provides a pointer to the portion of the 

point to the location within the GPE data frame 428 where GPE data frame that will be the data source for button 

data for each of the user selected data sources can be found. In the example above, the keyboard 427 (see FIG. 13) is the 

For example, the user may select the digital joystick 102 to user-selected data source for button data. In this example, 

provide the X and Y position data, a trackball pointing 35 the button memory index 442 provides a pointer to the 

device (not shown) to provide R position data, as well as portion 438 of the GPE data frame 428 containing the button 

position data corresponding to the slidable member 111. and data. Thus, the GPE data frame 428 of the system 100 may 

a keyboard 427 (see FIG. 13) to provide button inputs. In have each degree of freedom provided by an independent 

this example, the memory index 440, the index provides a data source. The user can independently select the data 

pointer to the data source for each of the four degrees of 40 source for each degree of movement as described above, 

freedom of the digital joystick 102 as well as the data source Those of ordinary skill in the art can appreciate that each 

for the buttons 110. data source provides position data and button data that can 

Each of the input devices provides position data and vary from one data source to another. For example, a 

button data to the OPE data frame 428. As illustrated in FIG. conventional mouse (not shown) uses an optical encoder 

14. the conventional joystick 10 is designated as input 45 mechanism that provides a count corresponding to the 

device SI and provides position data and button data to a movement of the mouse in two orthogonal directions. The 

portion 432 of the GPE data frame 428. Input device S2 is count, typically measured in units designated as 4< mickeys" 

shown, by way of example, as the digital joystick 102. The is converted by a conventional mouse driver (not shown) 

position data and button data from the digital joystick 102 into X-Y position data corresponding to a cursor display 

are stored in a portion 434 of the GPE data frame 428. 50 position on the computer display 5 (see FIG. 14). The X-Y 

Similarly, input device S3 is illustrated in HG. 14 as a position data is placed in a portion (not shown) of the GPE 

trackball pointing device. Data from the trackball pointing data frame 428 for the mouse. The GPE 426 uses this data 

device, which includes both position data and button data is to determine the appropriate delay times for the X and Y 

stored in a portion 436 of the GPE data frame 428. In similar timers 14 and 16 of the conventional joystick 10 and 

fashion, input device number Sn is designated as the key- 55 emulates the joystick delay times in the manner previously 

board 427 (see HG. 13). Cursor position data, such as data described. It should be noted that the game port 12 is not 

from arrow buttons on the keyboard 427. and button data is required if the user selects data sources other than the 

stored in a portion 438 of the GPE data frame 428. conventional joystick 10 and the digital joystick 102. 

In the example above, the user has selected the conven- Instead, the GPE 426 permits the user to select virtually any 

tional digital joystick 102 as the data source for the X and 60 data source as the data source for each of the four degrees 

Y position data. Thus, the memory index 440 for the X and of freedom provided by the digital joystick 102. The system 

Y position data sources would point to the X and Y data 100 receives the cursor position data and button data from 
position locations within the portion 434 of the GPE data the selected data sources) and transforms the cursor posi- 
frame 428. Similarly, the memory index 440 for the remain- tion data into a corresponding emulation delay time, 
ing two degrees of freedom of the digital joystick 102 (i.e.. 65 Furthermore, the buttons on the selected positional control 
the R position, and the position of the slidable member 111) device can be selected to correspond to buttons Bl and B2 
points to the X and Y data input locations from the trackball on the conventional joystick 10 (see FIG. I A). Thus, the 
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present invention permits backward compatibility with would be at a logical high value, the GPE 426 sets bits 0 and 

existing computer game software using virtually any data 1 of the AX register 8 to the high logic level. Thus, the 

source to emulate four degrees of freedom from any analog computer software is made to believe that the joystick 10 is 

game port device. present on the computer 1 even if there is no conventional 

The GPE 426 takes the cursor position data from the 5 joystick 10 and even if there is no game port 12. In reality, 

selected data source(s) and determines the corresponding the position data and button data is derived from the user 

delay times that would be produced by the X and Y timers selected data source and substituted in place of the data from 

14 and 16 within the game port 12. Whenever any software the conventional joystick 10. This advantageously allows 

on the computer 1 requests position data from the conven- preexisting software, written for the conventional joystick 

tional joystick 10, the GPE 426 intercepts this request and to 10, to operate with virtually any positional control device. It 

substitutes its own delay time data from the selected data should be noted that the GPE 426 can derive cursor position 

sources). Thus, the GPE 426 substitutes its own data for that data from the conventional joystick 10. For example, the 

which would normally be read from the game port 12. The conventional joystick can be selected as the data source for 

GPE 426 uses Equation (1) or the look-up table (not shown) the X-Y position data, while the R position data and the 

in the memory 4 (see FIG. 1A) to determine the length of is position of the slidable member 111 can be derived from 

time that bits 0 and 1 of input port 201H must remain high another data source such as the trackball pointing device 

to correspond to the X and Y positions respectively, of the (not shown). Alternatively, if the digital joystick 102 (see 

control stick 108. The GPE 426 responds to input instruc- FIG. 3A) has been selected by the user as toe data source, the 

tions (i.e., IN. 201H) to the game port 12 by placing its own GPE 426 intercepts me OUT, 201H instruction and transmits 

data in the AX register S (see FIG. 1A) rather than data from 20 the Send Data command to the digital joystick through the 

the X and Y timers 14 and 16 (see FIG. IB) However, steps game port 12 in the manner previously described, 

must be taken to prevent the X and Y timers 14 and 16 (see The system 100 receives the digital data from the digital 

FIG. IB) in the conventional game port 12 from responding joystick 102 and loads the position data and the button data 

to I/O instructions from the CPU 2. Therefore, the GPE 426 into the portion 434 (see FIG. 14) of the GPE data frame 

intercepts the IN. 201H command so that the data from X 23 428. The GPE 426 then sets bits 0 and 1 in the AX register 

and Y timers 14 and 16 in the game port 12 is not read by 8 (see FIG. LA) to a hi^i logic level to emulate the delay 

the computer 1. To perform this task, the system 100 detects time response of the conventional joystick 10 (see FIG. IB), 

and intercepts normal I/O instructions to the game port 12. Subsequent input instructions (Le.. IN. 201H) to the game 

The system 100 utilizes the memory management capability port 12 are trapped by the extended memory manager 6. The 

already within the computer 1 (see FIG. 1 A) to detect and 30 GPE 426 will return a high logic level for bits 0 and 1 of the 

trap the desired I/O instructions, AX register 8 until the appropriate delay time is reached. 

As discussed above, advanced microprocessors use the Thereafter, the input request from port 20 1H will return a 

extended memory manager 6 (see FIG. 1A) to address the low value in the corresponding bit of the AX register 8. In 

memory 4 within the computer 1. The traditional use of I/O this manner, any data source can transfer position data and 

trapping by the extended memory manager 6 is to virtu alize 35 button data to the computer 1. It should be noted that the 

the I/O device among several virtual machines. For example, computer software can read button inputs from the game 

two software applications may use a serial port (not shown), port 12 without reading position data. If the GPE 426 is 

and the extended memory manager 6 is used to arbitrate the currently emulating the delay time periods of the X and Y 

use of the serial port to be shared between the two software timers 14 and 16 (see FIG. IB), input instructions to the 

application programs. The software application programs 40 game port 12 will be processed in the conventional manner 

virtually function as if they each have a serial pert As part wherein the position data from the conventional joystick 10 

of its normal operation, the extended memory manager 6 and from the buttons Bl and B2 are read from the game port 

traps I/O instructions and adds a segment address to generate 12. However, if the GPE 426 is not currently emulating the 

a real memory address. The system 100 takes advantage of delay times from the X and Y timers 14 and 16, input 

the I/O trapping mechanism of the extended memory man- 45 instructions to the game port will be taken directly from the 

ager 6 to insert data from the selected data source into the input port As previously discussed, the digital joystick 102 

AX register 8 instead of merely virtuaUzing the game port frequently updates the button data, which can be read 

12. The operation of the extended memory manager 6 is well without transmitting a Send Data command from the game 

known to those of ordinary skill in the art of computer port 12 to the digital joystick. 

programming and need not be described in detail herein. SO The operation of the GPE 426 to intercept I/O instructions 

When the extended memory manager 6 intercepts any is illustrated in the flowchart of FIGS. ISA and 15B. At the 

OUT, 201H instruction to the game port, the computer 1 is start 450, shown in FIG. ISA, the data sources have been 

directed to the software of the GPE 426 residing within the selected for the position data and button data and the 

memory 4. The GPE 426 interprets the OUT, 201H instruc- extended memory manager 6 (see FIG. 13) has been enabled 

tion as a command to get the X and Y position data from me 55 for I/O trapping of the addresses far the game port 12. It 

conventional joystick 10, Instead, the GPE 426 selects the should be noted that the examples presented herein utilize 

position data from the user selected data source in the GPE the industry standard addresses for the game port 12. 

data frame 428 and calculates the delay times that would be However, the extended memory manager 6 is capable of 

generated by the X and Y timers 14 and 16 to correspond trapping any I/O address. Therefore, the present invention is 

with the position data from the user selected data source in 60 not limited by the specific I/O addresses used in these 

the GPE data frame. Whenever the extended memory man- examples. 

ager 6 detects an IN, 201H instruction to the game port 12. In step 452, the extended memory manager 6 detects an 

the computer 1 is again directed to the GPE 426 within the output instruction (e.g.. OUT, 201 H) to the game port 12 and 

memory 4. The GPE, having previously calculated the jumps to a subroutine. In the subroutine, in step 454. the 

appropriate delay times for the X and Y timers 14 and 16, 65 GPE 426 intercepts the OUT. 20 1H instruction and substi- 

loads data bits 0 and 1 of the AX register 8 with the tutes its own position data from the GPE data frame 428. It 
appropriate data values. If both X and Y timers 14 and 16 should be noted that if the digital joystick 102 has been 
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selected as the data source, the GPE 426 generates the first 
interrupt 200 (see FIG. 8). which the digital joystick inter- 
prets as the Send Data command. As previously discussed, 
the digital joystick 102 transfers the 64-bit data packet to the 
game port in response to the Send Data command. The 
64-bit data packet is used to update the GPE data frame 428. 
Other input devices, such as the trackball pointing device 
(not shown) periodically generate interrupts to the computer 
1 to permit an update of position data. This updated cursor 
position data is also stored in the GPE data frame 428. 

Within host computer 1. the system 100 takes the position 
data from the user selected data source and calculates the 
corresponding delay times in step 456. Alternatively, the 
system 100 can calculate the appropriate number of game 
port polls required to correspond to the position data, as 
previously described. In step 458. the system 100 sets timing 
bits for the position data. This includes the X, Y, and R 
position of the control stick 108. as well as the position of 
the slidable member 111 if all four degrees of freedom have 
selected data sources. The subroutine ends with a return 460. 

The flowchart of FIG. 156 illustrates the steps taken in 
response to detecting an input instruction to the game port 
12. At the start 462. the extended memory manager 6 (see 
FIG. 13) has been enabled to trap both input and output 
instructions to the game port 12, as described above. In step 
464. the extended memory manager 6 has detected and 
trapped an input instruction to the game port 12. In that 
event, the system 100 executes a subroutine where, in 
decision 466, it determines whether any delay time has 
expired. If any delay time has expired the result of decision 
466 is YES. If the result of decision 466 is YES. the GPE 
426, in step 468. resets the time bit for the corresponding 
expired delay time. It should be noted that more than one 
delay time may expire at the same time. In step 470, the GPE 
426 sends the tune hits to the AX register 8 (see FIG. 13), 
as previously described If none of the delay times have 
expired, the result of decision 466 is NO. In that event no 
time bits are reset and the GPE 426 sends the time bits to 
the AX register 8 in step 470. 

The computer software will continue polling the game 
port 12 by executing input instructions or measure the delay 
time by other alternative techniques, as previously 
discussed until all time bits have been reset The system 100 
ends the delay time emulation process in step 472. Thus, the 
system 100 includes a digital joystick 102 that is capable of 
emulating an analog resistance value or digitally simulating 
the delay time. This advantageously permits the digital 
joystick 102 to maintain backward compatibility with exist- 
ing computer software which was originally designed for 
operation with the conventional joystick 10 (see FIG. IB). 
Alternatively, the computer software can read the 64-bit data 
packet directly to determine the position of the control stick 
108. the slidable member 111. and the buttons 110. 

As those skilled in the art can appreciate, the computer 
software on the computer 1 is often operating in a multi- 
tasking environment. If the computer 1 is using a system 
such as Windows®, the multi-tasking environment may 
cause timer jitter in the game port 12. The timer jitter results 
from variations in the time between input instructions to the 
game ports 12. For example, if the conventional joystick 10 
is held in a fixed position by the user, the X timer 14 will 
produce an identical delay time for each position measure- 
ment period. Similarly, the Y timer 16 will produce an 
identical time delay each time a position measurement is 
initiated However, as previously discussed in one example, 
the computer 1 determines the X and Y positions by deter- 
mining the number of times that the AX register 8 is read 
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before bits 0 and 1 in the AX register return to a low logic 
level. If the computer software is not operating in a multi- 
tasking environment, the polling loop used to input data 
from the game port 12 and to read the AX register will be 
5 constant. However, in a multi-tasking environment, such as 
the Windows® operating system, the time delay between 
input instructions to the game port and the polling loop may 
be variable. In such a case, a variable error value will be 
added to the true position values, making it appear that the 

10 conventional joystick 10 has moved when in actuality it has 
remained in a constant position. The result is perceived by 
the computer software as jitter in the conventional joystick 
10. The GPE 426 (see FIG. 13) minimizes this apparent jitter 
by initiating its own X and Y position measurement 

is sequence prior to performing the delay time emulation 
discussed above. This is particularly advantageous in reduc- 
ing game port timer jitter for the conventional joystick 10. 
or the digital joystick 102 operating in the analog emulation 
mode 302 (see FIG. 4). When the GPE 426 initiates the X 

20 and Y position measurement process, it disables all inter- 
rupts and sits in a short timing loop to determine the position 
of the conventional joystick 10 or the control stick 108 of the 
digital joystick 102. Once the cursor position data has been 
obtained the GPE 426 begins the time delay emulation. The 

25 net effect is that the time delay emulation becomes inde- 
pendent of the speed of the computer I, as well as mini- 
mizing the error due to multitasking overhead 

As described above, the GPE 426 (See FIG. 13) permits 
the user to designate the data source for button as coxre- 

30 spending to buttons Bl or B2 of the conventional joystick 10 
(see FIG. IB). The conventional joystick 10 contains only 
two buttons (button Bl and button B2). However, many 
sophisticated computer games, or other application 
software, have a large number of commands that are not 

35 easily accommodated by the two buttons on the conven- 
tional joystick 10. Other joysticks have more than two 
buttons, but must use special encoding techniques to allow 
the computer 1 to detect the state of the additional buttons. 
In addition, the computer software in the computer 1 must 

40 be specially written to accommodate these special encoding 
techniques. Even when decoded, the extra buttons have a 
predefined meaning to the computer software and cannot be 
altered by the user. To enter additional commands, the user 
must often enter a command sequence on the keyboard 427 

45 (see FIG. 13). For example, the Alt-Tab and Alt- Shift-Tab 
keys are often used in Windows®. For example, in the Flight 
Simulator® game, a particular sequence of keystrokes such 
as **Shift-F3-Enter,** may have one meaning, however, the 
same keyboard sequence may have a different meaning to a 

50 different computer software program. 

Some prior art solutions to this problem provide a hard- 
ware connection to both the game port 12 and the keyboard 
427. The buttons Bl and B2 on the joystick 10 can be 
encoded for keyboard command sequences, but these key- 

55 board command sequences are entered directly through the 
interface (not shown) for the keyboard 427. Furthermore, the 
user must manually load a configuration data Ale for each 
different computer software program to program the buttons 
Bl and B2 for each of the different computer software 

60 programs. The system 100 eliminates the need for the 
special hardware connection between the joystick and the 
keyboard by emulating keyboard commands. As described 
in detail below, die system 100 also automatically loads a 
data file relating the buttons 100 of the digital joystick 102 

65 to user-selected keyboard command sequences. 

The digital joystick 102 (see FIG. 3A) contains more than 
two buttons. The top hat button 110A at the top of the control 
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stick 108 comprises four independent switches that are 
sensitive to the direction in which the user depresses the top 
hat button UOA. The GFE 426 (See FIG. 13) permits the 
user to define the buttons 110 as corresponding to user 
selected keyboard command sequences. For example, the 
user could designate a particular switch (not shown) in the 
top hat button 110 A as corresponding to the Shift-F3-Enter 
command sequence for use in the Flight Simulator® game. 
However, the same switch (not shown) in the top hat button 
11 OA could have a different keyboard command sequence 
for a different application software program. Thus, the user 
can independently define each of the buttons 110 in the 
digital joystick 102 as corresponding to a different keyboard 
command sequence for each application software program. 

The interrelationships of the buttons 110 and the keyboard 
command sequences for each game are stored in a computer 
database 500, shown in FIG. 16. The database 500 may be 
part of the memory 4 (see FIG. 13) or part of the disk storage 
unit 424. The database 500 includes variable sized data 
portions whose size is dependent on the number of buttons 
110 defined by the user, as well as the length of the user 
selected keyboard command sequences associated with each 
of the buttons. For example, a database portion 502 contains 
data to define the mterrelationship of the buttons 110 and the 
keyboard command sequences for a first game. Similarly, 
database portion 504 contains data defining the interrela- 
tionship of the buttons 110 and the keyboard command 
sequences for a second game. It should be noted that while 
the examples presented herein relate to the buttons 110 of the 
digital joystick 102. those of ordinary. skill in the art will 
appreciate that the data source selection aspect of the system 
100 permits virtually any device to supply the button data. 
The keyboard command selection aspect of the system 100 
permits the buttons of any data source to define the user 
selected keyboard command sequence. Furthermore, as pre- 
viously discussed, the user can also select any data source 
for positional data. 

The system 100 loads a terminate and stay resident (TSR) 
program 520. which is part of the memory 4. The TSR 
program 520 contains the software code to translate button 
data or positional data into emulated keyboard data, A 
selected portion of the database 500 is loaded as part of the 
TSR 520 when the user selects a particular game software 
for execution. For example, the computer software for a 
third game is initially in a storage location 522. such as the 
disk storage unit 424. The computer software is loaded from 
the storage location 522 into the memory 4. The TSR 520 
accesses a database portion 506, which contains data defin- 
ing the interrelationship of the buttons from the user selected 
data source and the user selected keyboard command 
sequences for the third game. The database portion 506 is 
loaded as part of the TSR 520. While operating the third 
game, any button selections on the positional control device 
422 are translated by the TSR 520 into the appropriate user 
selected keyboard command sequence. The system 100 also 
includes a keyboard push emulator 526 which simulates the 
depression of the selected keyboard command sequence. 
The keyboard push emulator 526 will be described in greater 
detail below. A conventional keyboard I/O routine 530 reads 
the data supplied by the keyboard push emulator 526 and 
provides the simulated keyboard command sequences to the 
third game software. Thus, the keyboard push emulator 526 
allows the user to predefine any button as corresponding to 
a user selected keyboard command sequence, thus simpli- 
fying the operation of the computer game software. While 
the examples presented herein are related to computer game 
software, those of ordinary skill in the art will readily 
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recognize that the principles of the present invention related 
to the definition of keyboard command sequences and 
positional control device buttons are widely applicable to 
any form of computer software. 

5 The keyboard push emulator 526 utilizes the I/O trapping 
mechanism of the extended memory manager 6 (sec FIG. 
13) to detect I/O instructions to the keyboard 427 and to 
generate keyboard interrupts, conventionally INT 9. For 
example, when the user depresses switch number three in the 

10 top hat button 110A of the digital joystick (see FIG. 3A), 
which is defined in the example above as corresponding to 
Shift-F3-Enter keyboard command sequence, the keyboard 
push emulator 526 places ASCII data corresponding to the 
Shift key into a keyboard input port (not shown) typically 

l s defined as I/O port 60H and generates INT 9 after the ASCII 
data corresponding to the Shift key has been entered into the 
keyboard register. The keyboard push emulator 526 repeats 
the sequence for ASCH data corresponding to the Fl button 
and the Enter button, respectively. Thus, the keyboard push 

20 emulator 526 can enter a complex, variable length keyboard 
command sequence in response to the detection of a single 
button push from the positional control device 422. 

The steps taken by the system 100 to emulate keyboard 
command sequences are illustrated in FIG. 17. At the start 

25 600 the computer software has been loaded into the memory 
4 (see FIG. 14) and the data base 500 has been loaded into 
the TSR 520. As discussed above, the data base information 
relates the individual buttons to user selected keyboard 
command sequences. In decision 602, the system 100 deter- 

30 mines whether a button has been selected by the user. If no 
button has been selected by the user, the result of decision 
602 is NO. and the system 100 loops back to the beginning 
of decision 602. If a button push has been detected, the result 
of decision 602 is YES. In that event, the system 100. in step 

35 604. uses the TSR 520 (see FIG. 16) to determine the 
corresponding keyboard command sequence. In step 608, 
the TSR 520 sends the appropriate ASCH code for the 
command to the keyboard input port In step 610, the system 
100 sets the interrupt for the keyboard input port In decision 

40 612, the system 100 determines whether the command just 
sent to the keyboard input port is the last command in the 
keyboard command sequence. If the command is not the last 
keyboard in a keyboard command sequence, the result of 
decision 612 is NO. In that event the system 100 gets the 

45 next command from the TSR 520 in step 614. The system 
100 then repeats steps 608, 610, and decision 612 for each 
keyboard entry in the keyboard command sequence. When 
the last command in the sequence has been sent to the 
keyboard input port the result of decision 612 is YES. In 

so that event, the system 100 ends the keyboard command 
sequence emulation in step 616. 

Thus, the system 100 provides sophisticated interface 
capability between the digital joystick 102 and the computer 
1. The digital joystick 102 can transmit digital data through 

55 the game port 12. but also includes the Analog Emulation 
Mode 302 (see FIG. 4) to permit backwards compatibility 
with existing computer software. The system 100 further 
advantageously provides a game port emulator and permits 
the user to select any data source with which to emulate the 

60 conventional joystick 10. The system 100 further permits the 
user to define the interrelationship of buttons and positional 
data on the positional control device 422 and any user 
selected keyboard command sequence. 
It is to be understood that even though various embodi- 

65 meats and advantages of the present invention have been set 
forth in the foregoing description, the above disclosure is 
illustrative only, and changes may be made in detail, yet 
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remain within the broad principles of the invention. 
Therefore, the present invention is to be limited only by the 
appended claims. 
What is claimed is: 

1. A digital joystick system for use with a computer port 
having an analog input, the joystick comprising: 

a control stick operable by a user; 

a position sensing subsystem to detect a position of said 
control stick and to generate digital position data cor- 
responding to said detected position; and 

a programmable resistance emulator coupled to said posi- 
tion sensing subsystem and having an output couplable 
to the analog input said resistance emulator receiving 
said digital position data and in response thereto emu- 
lating a resistance value at said output corresponding to 
said detected position. 

2. The system of claim 1 wherein said resistance emulator 
is a programmable resistor coupled to said position sensing 
subsystem and receiving said digital position data, said 
programmable resistor generating in response to said 
received digital position data a resistance value at said 
output corresponding to said detected position. 

3. The system of claim 1 wherein said resistance emulator 
is a programmable current source coupled to said position 
sensing subsystem and receiving said digital position data, 
said programmable current source generating in response to 
said received digital position data a variable current at said 
output corresponding to said detected position. 

4. The system of claim 1 wherein said resistance emulator 
is a programmable impedance coupled to said position 
sensing subsystem and receiving said digital position data, 
said programmable impedance generating in response to 
said received digital position data a variable impedance at 
said output corresponding to said detected position. 

5. The system of claim 1 wherein said resistance emulator 
is a multiplexer having a plurality of multiplexer input 
terminals, each coupled to a resistor, said multiplexer receiv- 
ing said digital position data and coupling a selected one of 
said plurality of multiplexer input terminals, corresponding 
to said detected position, to said output in response to said 
received digital position data. 

6. A digital joystick for use with a computer port having 
first and second analog input lines, the joystick comprising: 

a control stick operable by a user, 

a position sensing subsystem to detect a position of said 
control stick and to generate digital data corresponding 
to said detected position; and 

a programmable resistor coupled to said position sensing 
subsystem and having first and second outputs cou- 
plable to the first and second analog input lines, 
respectively, said prograrnmable resistor receiving said 
digital position data and in response thereto generating 
first and second resistance values at said first and 
second outputs, respectively, corresponding to said 
detected position. 

7. The joystick of claim 6 wherein said detected position 
corresponds to first and second orthogonal position values 
indicating said position of said control stick in a Cartesian 
coordinate system, said first and second resistance values 
corresponding to said first and second orthogonal position 
values, respectively. 

8. Hie joystick of claim 6 wherein said position sensing 
subsystem includes an optical circuit and the joystick further 
includes a light source and a light detector, one of said light 
source and said light detector being positioned at a first end 
of said control stick and moving as said user positions a 
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second end of said control stick and the other of said light 
source and said light detector being mounted in a fixed 
position with respect to said control stick first end to permit 
said light detector to detect fluctuations in light intensity as 
5 the position of said control stick is changed by said user. 

9. The joystick of claim 6 for use with a port having a third 
analog input line, wherein the system further includes a 
slideable member manually operable by said user, said 
position sensing subsystem detecting a slideable member 

to position and generating slideable member digital position 
data corresponding to said detected slideable member 
position, said programmable resistor including a third output 
couplable to the third analog input line and receiving said 
slideable member digital position data and in response 

15 thereto generating a third resistance value at said third 
output corresponding to said detected slideable member 
position. 

10. The joystick of daim 6 for use with a port having a 
third analog input line, wherein said position sensing sub- 

20 system detects a planar position of said control stick and also 
senses a rotational position of said control stick and gener- 
ates digital rotational position data corresponding to said 
detected rotational position, said programmable resistor 
including a third output couplable to the third analog input 

25 line and receiving said digital rotational position data and in 
response thereto generating a third resistance value at said 
third output corresponding to said detected rotational 
position, whereby said first and second resistance values 
correspond to said detected planar position and said third 

30 resistance value corresponds to said detected rotational 
positions, respectively, of said control stick. 

11. The joystick of claim 10 wherein said position sensing 
subsystem includes an optical circuit, and the joystick fur- 
ther includes first and second light sources and a light 

35 detector, said first and second light sources being positioned 
at a first end of said control stick and moving as said user 
positions a second end of said control stick and said light 
detector being mounted in a fixed position with respect to 
said control stick first end to permit said light detector to 

40 detect fluctuations in light intensity of said first and second 
light sources as the planar and rotational position of said 
control stick are changed by said user. 

12. The joystick of claim 10 wherein said position sensing 
subsystem includes an optical circuit, and the joystick fur- 

45 ther includes first and second ligfct sources and a light 
detector, said light detector being positioned at a first end of 
said control stick and moving as said user positions a second 
end of said control stick and said first and second light 
sources being mounted in a fixed position with respect to 

50 said control stick first end to permit said light detector to 
detect fluctuations in light intensity of said first and second 
light sources as the planar and rotational position of said 
control stick are changed by said user. 

13. The joystick of claim 10 for use with port having a 
55 fourth analog input line, wherein the system further includes 

a slideable member manually operable by said user, said 
position sensing subsystem detecting a slideable member 
position and generating slideable member digital position 
data corresponding to said detected slideable member 

60 position, said programmable resistor including a fourth 
output couplable to the fourth analog input line and receiv- 
ing said slideable member digital position data and in 
response thereto generating a fourth resistance value at said 
fourth output corresponding to said detected slideable mem- 

65 ber position. 

14. The joystick of claim 6 wherein said programmable 
resistor includes first and second sets of solid state switches 
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coupled to first and second sets of resistances, respectively, 
said digital position data activating said first set of switches 
to selectively combine said first set of resistances to generate 
said first resistance value and activating said second set of 
switches to selectively combine said second set of resis- 
tances to generate said second resistance value. 

15. The joystick: of claim 14 wherein said switches are 
integrated circuit CMOS switches. 

16. The joystick of claim 14 wherein each switch in said 
first and second sets of switches is a single pole, single 
throw (SPST) switch with first and second switch terminals 
and with one resistance in said first and second set of 
resistances coupled between said first and second switch 
terminals, whereby said one resistance value is shorted out 
when said SPST switch is closed. 

17. The joystick of claim 16 wherein each of said SPST 
switches is activated by a corresponding control line having 
first and second logic levels, each of said SPST switches 
being closed by a first logic level on said corresponding 
control line and opened by a second logic level on said 
corresponding control line, said control line logic levels 
being controlled by said digital position data to generates 
said first and second resistance values. 

18. The joystick of claim 17. further including a data 
buffer in said programmable resistor to receive said digital 
position data from said position sensing subsystem and each 
of said control lines is controlled by a single data bit in said 
data buffer. 

19. The joystick of claim 18 wherein said position sensing 
subsystem serially transfers said digital position data to said 
data buffer using a synchronous clock to control said serial 
data transfer. 

20. A computer positional control device system for use 
with a computer port, the device comprising: 

a positioning element manually operable by a user, 

a position sensing subsystem to determine a current 
position of said posidoning element, said position 
sensing subsystem generating digital data indicative of 
said current position; 

an interface, selectively operable in a digital transmission 
mode to transfer said digital position data to the port or 
an analog emulation mode to transfer an analog signal 
based on said digital position data to the port, and 

a programmable resistance emulator to generate said 
analog signal based on said digital position data when 
said interface is selectively operating in said analog 
emulation mode. 

21. The system of claim 20 for use with a port mat 
transmits commands to the positional control device system 
to select one or the other of said digital transmission mode 
and said analog emulation mode, the system further includ- 
ing a command interpreter receiving the commands from the 
port and in response thereto selecting one or the other of said 
digital transmission mode and said analog emulation mode. 

22. The system of claim 26 wherein when the positional 
control device system is operating in said digital transmis- 
sion mode, said command interpreter receives a plurality of 
commands from the port and in response thereto causing the 
positional control device system to respond to said received 
commands. 

23. The system of claim 22 wherein said plurality of 
commands from the port includes one of group of com- 
mands comprising a send data command and a switch to 
analog command and wherein said command interpreter 
causes the positional control device system to transmit said 
digital position data in response to said send data command 
and causes the positional control device system to enter said 
analog emulation mode in response to said switch to analog 
command. 
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24. The system of claim 20 for use with a port that 
transmits commands to the positional control device system 
to select one or the other of said digital transmission mode 
and said analog emulation mode, the system further Lnclud- 

5 ing means for initially placing the positional control device 
system in said analog emulation mode when power is first 
applied to the positional control device system and a com- 
mand interpreter receiving the commands from the port and 
in response thereto causing the positional control device 
system to change from said initial analog emulation mode to 
said digital transmission mode upon receipt of a first occur- 
ring command from the port selecting said digital transmis- 
sion mode. 

25. The system of claim 20 wherein the positional control 
device system is a joystick having a manually movable 

15 control stick and said position sensing subsystem includes 
an optical circuit said joystick further including a light 
source and a light detector, one of said light source and said 
light detector being mounted toward a first end of said 
control stick and moving as said user manually positions a 

20 second end of said control stick and with the other of said 
light source and said light detector being mounted in a fixed 
position with respect to said control stick first end to permit 
said light detector to detect fluctuations in light intensity as 
the position of said second end of said control stick is 

25 changed by said user. 

26. A method of using a digital joystick with a computer 
port having an analog input, the method comprising the steps 
of: 

detecting a position of a control stick operable by a user; 
3Q generating digital position data corresponding to said 
detected position; and 
using said digital position data to control a programmable 
resistance emulator to emulate a resistance value at an 
output couplable to the analog input said resistance 
35 value corresponding to said detected position. 

27. The method of claim 26 wherein said step of emu- 
lating said resistance value is performed using a program- 
mable resistor receiving said digital position data, said 
programmable resistor generating in response to said 

40 received digital position data a resistance value at said 
output corresponding to said detected position. 

28. The method of claim 26 wherein said step of emu- 
lating said resistance value is performed using a program- 
mable current source receiving said digital position data. 

45 said programmable current source generating in response to 
said received digital position data a variable current at said 
output corresponding to said detected position. 

29. The method of claim 26 wherein said step of emu- 
lating said resistance value is performed using a program- 

50 mable impedance receiving said digital position data, said 
programmable impedance generating in response to said 
received digital position data a variable impedance at said 
output corresponding to said detected position. 

30. The method of claim 26 wherein said step of emu- 
55 lating said resistance value is performed using a multiplexer 

having a plurality of multiplexer input terminals, each 
coupled to a resistor, said multiplexer receiving said digital 
position data and coupling a selected one of said plurality of 
multiplexer input terminals, corresponding to said detected 
50 position, to said output in response to said received digital 
position data. 

31. A method of operating a digital joystick for use with 
a computer port having first and second analog input lines, 
the joystick comprising: 

65 detecting a position of a control stick operable by a user; 
generating digital position data corresponding to said 
detected position; and 
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transmitting said digital position data to a programmable digital transmission mode or transferring an analog 

resistor having first and second outputs couplable to the signal based on said digital position data to the port if 

first and second analog input lines, respectively, said the positional control device is operating in an analog 

programmable resistor receiving said digital position emulation mode and 

data and in response thereto generating first and second 5 ^ ... , * * 

resistance values at said first and second outputs. ******* * programmable resistance emulator to gen- 

respectiveiy. corresponding to said detected position. said ***** s f aai rf the 

32. The method of claim 31 wherein said detected posi- 15 OPcnung m ^d analog emulation mode, 

tion corresponds to first and second orthogonal position 37> Thc method of claim 36 for use Wlth a P 0 " tnat 

values indicating said position of said control stick in a io commands to the positional control device system 

Cartesian coordinate system, said first and second resistance to select one OT me other of said ^ ixM transmission mode 

values corresponding to said first and second orthogonal and ^ analog emulation mode, the method further inciud- 

position values, respectively. tn & tfte ste Ps °^ receiving the commands from the port and 

33. The method of claim 31 wherein the joystick includes in res P onse thereto selecting one or the other of said digital 
an optical position sensing circuit having a light source and 15 transmission mode and said analog emulation mode. 

a light detector, one of said light source and said light ^ ^ mcthod of daim 36 wherein when the positional 

detector being positioned at a first end of said control stick control device system is operating in said digital transrais- 

and moving as said user positions a second end of said slOD mode me P 0 * transmits a plurality of commands, the 

control stick and the other of said light source and said light method further including the steps of receiving the plurality 

detector being mounted in a fixed position with respect to 20 ^ cwnmands &om the port and in response thereto causing 

said control stick first end and wherein said step of detecting me P^omI control device system to respond to said 

said position includes detecting fluctuations in light intensity received commands. 

as the position of said control stick is changed by said user 39 * ^ method of claim 38 wherein said plurality of 

34. The method of claim 31 for use with a port having a commands from the port includes one of group of corn- 
third analog input line and a joystick having a slideable 25 mands comprising a send data command and a switch to 
member manually operable by said user and a program- anal °g command, the method further including the steps of 
mable resistor having a third output the method further transmitting said digital position data in response to said 
including the steps of detecting a slideable member position, send ^ command and changing the positional control 
generating slideable member digital position data corre- device system from ^tP** 1 transmission mode to said 
sponding to said detected slideable member position, trans- 30 anal( « emulation mode m response to said switch to analog 
mining said slideable member digital position data to said command. 

programmable resistor having the third output couplable to 40 **** °f claim 36. further including the step of 

the third analog input line, receiving said slideable member initially placing the positional control device system in said 

digital position data and in response thereto generating a elation modc when P° wer is first applied to the 

third resistance value at the third output corresponding to 35 positional control device system. 

said detected slideable member position. 41 * ^ mcthod chhn 40 for usc wim a port that 

35. The method of claim 31 for use with a port having a transmits commands to the positional control device system 
third analog input line and a programmable resistor having to xleci one OT mc omer of said transmission mode 
a third output, wherein said position sensing circuit detects and said emulation mode, the method further includ- 
a planar position of said control stick, the method further 40 the step of receiving the commands from the port and in 
including the steps of detecting a rotational position of said response thereto causing the positional control device sy s- 
control stick, generating digital rotational position data lem to change from said initial analog emulation mode to 
corresponding to said detected rotational position, transmit- said di S ital transmission mode upon receipt of a first occur- 
ring said digital rotational position data to said program- r ' m % commimd from *** P° rt selecting said digital transmit 
mable resistor having the third output couplable to the third 45 SIOD modc * 

analog input line, receiving said digital rotational position 4Z ^ mcthod <* daim 36 wherein the positional control 

data and in response thereto generating a third resistance system is a joystick having a manually movable 

value at the third output corresponding to said detected control stick and an optical position sensing circuit, the 

digital rotational position data, whereby said first and second joystick further including a ligfrit source and a light detector, 

resistance values correspond to said detected planar position 50 one of ^ d U S ht source and ^ detector being 

and said third resistance value corresponds to said detected mountcd toward a &st cnd of said control stick and moving 

rotational positions, respectively, of said control stick. as ^ uscr manually positions a second end of said control 

36. A method for the use of a computer positional control ^ and °^ tT ^ sourct ^ d ^ d M gM 
device system with a computer port, the method comprising detector being mounted in a fixed position with respect to 
the steps of* 55 said control stick first end. the method further including the 

detecting' a current position of a positioning element ° f ? 

manually operable by a user* {^T of said 5600,1(1 end rf *"* contro1 sUck 15 chan 8 ed 

. r J by said user, and using said detected fluctuations to deter- 

generating digital data indicative of said current position; mine the position of said control stick, 
selectively transferring said digital position data to the 

port if the positional control device is operating in a ***** 
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